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Abstract 
Examining the Relationships between Sleep Quality, Physical Activity and Postpartum Mood 
Christina Nash, M.S. 
Jacqueline D. Kloss, Ph.D. 
 
 It is estimated that over 400,000 women in the United States experience postpartum 
depressive symptoms each year. Postpartum depression has been linked with a series of negative 
psychosocial sequelae for mothers and potential developmental sequelae for infants. Research 
has helped to identify potential risk factors for postpartum depression, but additional research is 
needed to identify and understand these factors. Previous studies have identified sleep quality 
and physical activity as potential factors linked with postpartum depression symptoms. Yet, none 
have examined the interrelationship relationship between these factors in predicting postpartum 
depression symptoms. This study examined the interaction between sleep quality and physical 
activity in predicting postpartum depression symptoms using a cross-sectional design. Ninety-six 
postpartum women completed this study. Findings yielded significant relationships among sleep 
quality, insomnia severity, fatigue, physical activity and postpartum mood. Of note, sleep quality 
and insomnia severity were found to be significant predictors of postpartum mood.  However, a 
relationship between sleep quality and physical activity was not supported in this study. Physical 
activity was found to be positively correlated with postpartum depression symptoms, but was not 
a moderator of the relationship between sleep quality and postpartum depression symptoms.  A 
more careful assessment of the types of physical activity that women engage postpartum and 
specific types of sleep dysregulation, in tandem with postpartum depression symptoms, is 
needed. 
 
 
  
CHAPTER 1: INTRODUCTION 
Worldwide, women experience major depressive disorder at higher rates than men 
(Brommet et al., 2011), and an estimated 20% of women are affected during their lifetime 
(Hasin, Goodwin, Stinson & Grant, 2005; Kessler, Berglund, Demler, Jin, Koretz, Merikangas et 
al., 2003). While women are at risk for depression throughout their entire lifespan, their highest 
risk coincides with their childbearing years, particularly during pregnancy and the postpartum 
period (Weissman, Bland, Joyce, Newman, Wells, & Wittchen, 1993). That is, over 400,000 
women suffer from postpartum depression (PPD) each year in the United States (Beck & Gable, 
2001). Experiencing depression during the postpartum period can have significant implications 
including heightened vulnerability to comorbidity with another disorders (e.g., anxiety), chronic 
medical disorders (Miranda, Chung, Green et al., 2003), high risk health behaviors  (e.g., tobacco 
and alcohol use; McCoy, Beal, Saunders et al., 2008), as well as difficulties with infant-parent 
bonding (Moehler et al., 2006). PPD can lead to significant impairment in mothers that affects 
their ability to be adequate caretakers for infants. This has been evidenced by reduced infant 
safety practices, decreased responsiveness and fewer emotional interactions (O’Hara & McCabe, 
2013). If PPD is left untreated, overall infant and child health may suffer including impaired 
cognitive development and an increased likelihood of behavioral problems (O’Hara & McCabe, 
2013).    
Although PPD research has increased over the last decade, many questions remain about 
the factors that predispose, precipitate and perpetuate symptoms of PPD.  Initial research has 
demonstrated that a history of depression, previous prenatal loss, low socioeconomic status, and 
a lack of social support are risk factors for PPD (Blackmore et al., 2011; Beck, 2001; Pearson et 
al., 2013;Robertson, Grace, Wallington, & Stewart, 2004), but the full scope of other possible 
  
factors remains unexplored and/or underexplored. For example, a number of health behaviors 
and lifestyle choices (e.g., getting good quality sleep and engaging in physical activity) may act 
as protective factors against the manifestation of PPD symptoms or influences that reduce the 
severity of the disorder’s symptoms. Only a few studies, however, have begun to investigate 
these variables (e.g., Lewis, Martinson, Sherwood & Avery; Loprinzi, Loprinzi & Cardinal, 
2012).  
 Sleep and physical activity are two such variables that may prevent and/or enhance 
medical and mental health conditions. For example, individuals with type II diabetes mellitus 
(Doucet, King, Levine & Ross, 2011; Tasali, Leproult, Ehrmann & Cauter, 2008), cancer (Tang, 
Liou & Lin, 2010), and symptoms of menopause (Tworger et al., 2003) and MDD (Berger & 
Motl, 2000) have been shown to benefit from physical activity and/or improved sleep. 
Researchers have also begun to explore sleep and physical activity separately in relation to PPD 
(e.g., Ko, Yang, Fang, Lee & Lin, 2013).  
In the proceeding literature review, an overview will be provided of the critical prior 
studies that provide the basis for this investigation. First, background is provided on the 
incidence and sequelae of PPD.  Second, sleep during the postpartum period is then described. 
Third, the literature on the relationships between sleep quality in relation to postpartum mood is 
reviewed. The relationship between physical activity and mood, followed by sleep will then be 
presented. In this portion of the review, the paucity of research examining the interrelationship 
between sleep and physical activity in accounting for postpartum mood is acknowledged, 
providing a clear rationale for the current study.  A model of the interrelationship between sleep 
quality and physical activity in relation to postpartum mood examined by this study is then 
  
introduced. The methodology and results are then described. Finally, implications of the current 
findings and directions for future research are discussed.  
CHAPTER 2:  LITERATURE REVIEW 
Depressed Mood during the Postpartum Period 
While often thought to be a joyous time for new parents, the delivery of a new baby may 
also present a “roller coaster” of mood fluctuations. Following the delivery of a new infant, up to 
75% of women may be affected by “baby blues” (Sit & Wisner, 2009). Baby blues are 
characterized by irritability, poor sleep, emotional reactivity, nervousness and brief crying spells 
(Sit & Wisner, 2009). These symptoms typically appear one to two days after giving birth, and 
resolve within 10 days. Though these changes in mood are common in new mothers and are 
often transient, at times these symptoms can become progressively worse and heighten the risk 
for the onset of a major depressive episode. When a depressive episode occurs during the 
postpartum period, it is diagnosed as having peripartum onset, but is more commonly referred to 
as Postpartum Depression (PPD). According to the Diagnostic and Statistical Manual of Mental 
Disorder 5th Edition (DSM-5; American Psychiatric Association, 2013), an episode of major 
depression with a peripartum onset must manifest either during pregnancy or within the first four 
weeks following delivery and meet the following criteria: two weeks or more of persistent 
depressed mood and/or loss of interest or pleasure with four or more of the following symptoms: 
sleep disturbance, psychomotor agitation, appetite disturbance, fatigue or loss of energy, feelings 
of worthlessness or inappropriate guilt, diminished ability to think or concentrate/indecisiveness, 
  
recurrent thoughts of death/recurrent suicidal ideation (with or without a specific plan or suicide 
attempt).1 
The time frame by which MDD can identified as having a peripartum onset (i.e., 
symptoms beginning during pregnancy or up to 4 weeks postpartum) has also been an issue of 
debate. Within the medical community, a more liberal time frame is often utilized by providers 
to diagnose PPD. For example, a provider may label Major Depressive Disorder (MDD) as 
postpartum depression if the onset occurs within one year postpartum (O’Hara, 2009). This 
practice is also supported by research findings, including a study by Gress-Smith, Luecken, 
Lemery-Chalfant and Howe (2012) found that women of diverse ethnic backgrounds and lower 
SES were more likely to exhibit  significant depressive symptoms at nine months postpartum 
than at five months postpartum. In their study, only 5% of women endorsed symptoms 
suggestive of PPD at five months postpartum relative to 33% when they were assessed again at 
nine months postpartum. Despite emerging support for a potentially larger time frame for a PPD 
diagnosis, as previously noted, the DSM-5 (American Psychological Association, 2013) has a 
more conservative time frame of symptoms needing to manifest by the fourth week of the 
postpartum period. The current study utilized the Edingburgh Postnatal Depression Scale (EPDS; 
Cox, Holden, & Sagovsky, 1987) to identify symptoms suggestive of postpartum depression and 
a conservative time frame for participation (i.e., 6 weeks to 6 months postpartum) that will be 
described in further detail in the Methods section.  
                                                           
1 During the proposal of this study, criteria for Major Depressive Disorder with a postpartum onset specifier, according to the Diagnostic and Statistical Manual of Mental Disorders Text 
Revision (i.e., DSM-IV-TR; APA, 2000 ) was used to operationally define postpartum depression for the purposes of this study. During the data collection of this study, however, the DSM-5 
(APA, 2013) was published that identified the new specifier term as with peripartum onset. It was noted that this specifier could be utilized in the case that either full or partial criteria were met 
for a depressive disorder as long as the onset of mood symptoms occurred during pregnancy or in the first four weeks following delivery (American Psychiatric Association, 2013).  For 
parsimony, the terms postpartum depression (or PPD), postpartum depression symptoms and postpartum mood will be used interchangeably throughout this paper to reflect symptoms that are 
suggestive of this diagnosis. 
  
PPD is estimated to affect between 13% and 19% of women (O’Hara & McCabe, 2013). 
Approximately 25% of women are predicted to experience episode recurrence during their 
lifetime, with over 40% of those occurrences following a subsequent pregnancy (Wisner, Perel, 
Peindl, Hanusa, Piontek & Findling, 2004). Women suffering from PPD may incur a series of 
difficulties that not only affects their quality of life, but also that of their families. In addition to 
symptoms such as agitation, difficulty sleeping, hopelessness and other symptoms of depression 
in general, women may also feel that they are “inadequate” and/or are incapable of providing 
good care for their newborns (O’Hara, 1997; O’Hara & McCabe, 2013). Women suffering from 
PPD are also less likely to breastfeed, engage in healthy sleep habits for themselves and their 
infants and may experience more difficulty bonding with their infants (Field, 2010; Gress-Smith, 
Luecken, Lemery-Chalfant & Howe, 2012; Paulson, Dauber & Leiferman, 2006). Children of 
depressed mothers are also more likely to experience poorer development compared to children 
of non-depressed mothers and are more vulnerable to experiencing low self-esteem and difficulty 
self-regulating (Hay, Pawlby, Sharp, Asten, Mills & Kumar, 2001; Kurstjens & Wolke, 2001; 
Letourneu et al., 2012). Additionally, women suffering from PPD may encounter more 
difficulties in their marriages (Leinonen, Solantaus & Punamaeki, 2003; Letourneu et al., 2012; 
Meadows, Mclanahan & Brooks-Gunn, 2007).  
Risk Factors for Postpartum Depression 
PPD risk factors are multifaceted, including both psychosocial and biological factors.  
Several psychosocial factors are associated with PPD onset including having any history of a 
major depressive episode prior to pregnancy (Milgrom et al., 2008), prenatal anxiety (Beck, 
2001), poor self-esteem (Beck, 2001) and childcare stress (Beck, 2001). Women with a history of 
  
PPD appear to be at the highest risk for reoccurrence after having another baby, with a 
recurrence rate of up to 50%, followed by a 25% increased risk for PDD for women who have a 
history of ever experiencing MDD (Dobie & Walker, 1992). Additional risk factors for PPD 
include a history of premenstrual dysphoria, poor social support, marital conflict, immigrant 
status, young maternal age, and stressful life events during pregnancy or the early postpartum 
period (Beck, 2001; Robertson, Grace, Wallington, & Stewart, 2004). According to the Center 
for Disease Control and Prevention (2009), financial stressors, lower level of education and 
receiving Medicaid benefits were also significant risk factors for PPD.  Primiparity, being 
unmarried, having an unplanned pregnancy and preterm birth are also factors that have been 
associated with PPD (Suri & Altshuler, 2012).  
Pregnancy is accompanied by hormonal fluctuations and changes that physiologically 
allow a woman to carry a developing fetus. For example, one of the earliest symptoms of 
pregnancy is fatigue and sleepiness (Lee & Zaffke, 2000) which results from increases of 
estrogen, progesterone and prolactin that occur during implantation and gestation (Sahota, Jain, 
& Dhand, 2003).  While these hormones increase during pregnancy, they fall rapidly following 
birth (Dennis, Ross & Herxheimer, 2008) and have been correlated with depressive mood 
changes (Hendrick, Altshuler & Suri, 1998). This rapid decrease in hormones may also impact 
other physiological processes in postpartum women, particularly their sleep. Ross, Murray, and 
Steiner (2005) theorized that the drop of estrogen and progesterone levels following delivery 
may result in a state of hyperarousal that contributes to sleep disturbances and in some cases, 
insomnia. These sleep disturbances may also contribute to mood instabilities since the disruption 
of sleep may inhibit emotional regulation processes in the brain. Chang, Pien, Duntley and 
Macones (2010) also found that sleep deprivation during pregnancy may be associated with 
  
preterm births as well as depressed mood during the postpartum period. That said, they advocate 
for additional research in this area, due to variability in research methodologies and non-
representative samples. Taken together, emerging literature suggests that poor sleep may be 
associated with, or a significant predictor of, PPD symptoms (Breese, 201; Dorheim, Bondevik, 
Eberhard-Gran & Bjorvatn, 2009a).  
Other health behaviors are implicated as predictors of PPD as well. One such health 
behavior is engagement in physical activity. Sampselle, Seng, Yeo, Killion and Oakley (1999) 
conducted one of the first studies that suggested that physical activity may be related to 
postpartum well-being. Sampselle at al (1999) found that women engaging in vigorous physical 
activity at least three times per week were less likely to be depressed and exhibited better overall 
adaption to changes associated with the postpartum period (e.g., better infant care) relative to 
those with a lack of physical activity during the PPD period. (This is detailed in section Physical 
Activity and Postpartum Mood below). Although there are many factors (e.g., 2-3 others) that 
may increase the risk of PPD occurrence, the factors of focus in the current study are sleep and 
physical activity. These health behaviors were chosen as the variables of interest for the 
proposed study for four reasons: 1) sleep and physical activity each have independent 
associations with PPD; 2 it is plausible that sleep and physical activity may exert a synergistic or 
interactive effect on PPD; 3) these two variables remain underexplored in their relation to 
postpartum mood; and 4) both sleep and exercise are modifiable behaviors that could be included 
in prevention and intervention programs for PPD.  
 
 
  
Sleep Health 
Prior to describing sleep patterns during the postpartum period, a brief review of sleep 
among healthy adults will be described. Most adults need between 7 to 9 hours of sleep each day 
per 24-hour cycle to experience optimal functioning. Sleep can be divided into two distinct 
physiological states, Rapid Eye Movement (REM) and Non-Rapid Eye Movement (NREM) 
sleep. NREM sleep consists of 4 stages of sleep including Stage 1 (i.e., individuals can be easily 
awakened and is the transition from awake to asleep), Stage 2 (i.e., lighter sleep marked by K 
complexes), and Stage 3 and 4 sleep (now combined to reflect slow wave sleep or restorative 
sleep). Slow wave sleep (SWS) is typically marked by difficulty in awakening an individual 
because this is considered to be a “deep” stage of sleep. During this time, many physiological 
processes are occurring in the brain including memory consolidation and emotion regulation. 
Throughout the night, individuals typically complete a full NREM and REM cycle of sleep every 
90-120 minutes, yielding between 4 to 6 cycles of sleep during an 8-hour period. Sleep 
fragmentation (i.e., transient awakenings) or periods of nocturnal wakefulness may lead to poor 
sleep efficiency. Sleep efficiency (SE) is determined by calculating the percentage of time that 
an individual is sleeping relative to total time in bed with lights out. For example, if an individual 
was in bed for eight hours and slept for 7 hours and 45 minutes, sleep efficiency would be over 
99%. SE’s in the usual nocturnal environment (e.g. at home) over 85% are considered normal 
(For a full review, please see Chiong, 2008).  
Sleep in the Postpartum Period 
Postpartum sleep patterns among postpartum women appear distinctively different from 
those of healthy adult sleepers. Extant literature reflects patterns of pronounced sleep 
disturbances for women throughout pregnancy and the postpartum period (for review, see Lee, 
  
2005). Specific to sleep disturbance among postpartum women, sleep is disrupted in a number of 
ways, including changes in sleep architecture, sleep continuity, sleep duration, and sleep quality. 
For example, in terms of sleep architecture, postpartum women experience greater sleep 
fragmentation when compared with normal adult women their age (Montgomery-Downs, Insana, 
Clegg-Kraynok & Mancini, 2010).  This pattern of sleep disruption is typically seen in new 
moms beginning at delivery and ending approximately 6 to 12 weeks later, coinciding with the 
time their infants have achieved sleeping through the night independently (Moline, Brach & Zak, 
2004). Some studies have examined postpartum sleep through both subjective and objective 
means. Studies using subjective sleep data, objective sleep data or both have yielded similar 
results. Specifically, approximately 30% of mothers experience sleep disturbances following the 
birth of their baby, particularly frequent nighttime awakenings during the first 2 to 4 weeks 
postpartum and shorter total sleep time (i.e., less than six hours)(Nisihara & Horiuchi, 1998; 
Salzaro, 1987; O’Hara, Zekoski & Philipps, 1990; Wolfson et al., 2003). Montgomery-Downs 
and colleagues (2010) conducted a longitudinal study of maternal sleep over the first four 
postpartum months in order to identify a normative sample among non-depressed women. 
Seventy-four mothers wore wrist actigraphy (i.e., a watch-like device that uses activity data from 
a highly sensitive accelerometer as a surrogate for sleep and wakefulness) for approximately 14 
weeks. The authors found that maternal nocturnal sleep time was 7.2 hours on average (SD= 
.95), but was highly fragmented. Data from the same group of women (Insana and Montgomery-
Downs, 2010) yielded that these sleep disruptions were associated with sleepiness and fatigue, 
but that these two variables may be difficult to parse out by the current state of our measures for 
sleepiness and fatigue that have not fully been validated for use among postpartum women. 
Other studies that have sought to explore sleep architecture in postpartum women have found 
  
evidence of less stage 1 and stage 2 sleep (i.e., light sleep) and an increase in SWS particularly 
during the first postpartum month relative to the third trimester (Lee, Zaffke, & McEnany, 2000; 
Nishihara & Horiuchi, 1998). The increases in prolactin levels associated with lactation (i.e., for 
breastfeeding) are believed to be associated with the greater proportion of SWS during this time 
(Blyton, Sullivan & Edwards, 2002). Some other factors, including parity, may impact sleep 
disturbances during the postpartum as well. For example, first-time (i.e., nulliparous) mothers 
seem to be significantly more vulnerable to sleep disturbances, such as frequent nighttime 
awakenings, likely associated with anxiety and initial lifestyle changes that accompany newborn 
care, relative to their multiparous (i.e., having a child prior to the newborn) counterparts.  
Postpartum women are unlikely to be getting adequate sleep. This is not always reflected 
in total sleep time; it may be a question of poor SE and sleep quality. The sleep quality factors 
may be comprised of subjectively reported sleep quality (i.e., how rested or refreshed one feels), 
sleepiness and fatigue. Total sleep time may not vary as much during the postpartum period 
when compared with age-matched controls, however, the pattern of achieving this total sleep 
time may vary significantly (Gay, Lee & Lee, 2004). For example, a new mother may be waking 
frequently throughout the night in order to meet infant demands such as feeding or soothing. 
Goyal, Gay and Lee (2007) found that new mothers experience a 20% increase in wake time 
during the first 6 weeks postpartum. A new mother may then compensate for this sleep loss 
during the day by sleeping in later in the morning (e.g., during her infant’s first nap) or daytime 
napping. This may result in sleep fragmentation, poor SE, and in some cases sleep deprivation if 
sleep/wake homeostasis is not met.  
  
Continued sleep fragmentation and accumulated sleep deprivation may also contribute to 
insomnia. Insomnia is defined as difficulty falling asleep, and/or staying asleep, early morning 
awakening, at least three nights per week for a span of at least one month that results in clinical 
distress or impairment of functioning (DSM-5, American Psychiatric Association, 2013). 
Continued difficulties falling asleep or experiencing frequent nighttime awakenings (i.e., sleep 
fragmentation) can precipitate insomnia by increasing the worry that an individual has regarding 
their difficulties sleeping as well as having learned associations between their bed and an 
inability to sleep (Spielman, Caruso & Glovinsky, 1987). These worries and learned associations 
may heighten their overall level of arousal at bedtime or during the night and may inhibit their 
ability to fall asleep (Spielman, Caruso & Glovinsky, 1987). Thus, this inability to fall or stay 
asleep can perpetuate to a vicious cycle of having heightened arousal levels at bedtime or 
throughout the night as a result of these worries that leads to further issues of being able to sleep 
(Spielman, Caruso & Glovinsky, 1987). It is important to note that there are major differences 
between sleep disruption associated with parenthood and psychophysiological insomnia. Though 
new mothers may experience sleep disruption to care for their infant and in doing so may wake 
often during the night, these mothers would likely have the ability to sleep through the night 
once their infant’s sleep normalized. However, a new mother with insomnia would likely 
continue to experience difficulty falling asleep and/or staying asleep even after the precipitant of 
her insomnia (e.g., responding to infant awakenings) was no longer contributing to her sleep 
disturbances.  
Opportunities for sleep during the postpartum period may be hindered by a number of 
biological, psychological and social stressors associated with motherhood. These stressors 
include physical changes such as a drop in hormones postpartum, social factors including support 
  
and infant care (Bayer, Hiscock, Hampton & Wake, 2007). Despite continuing to need adequate 
sleep for optimal functioning, research shows that new mothers may face a host of sleep issues 
including not getting the adequate amount of sleep they need, experiencing sleep fragmentation 
(Montgomery-Downs, Insana, Clegg-Kraynok & Mancini, 2010) and poor sleep quality (Okun, 
Luther, Prather, Perel, Wisniewski & Wisner, 2011), and possibly insomnia (Swanson, Picket, 
Flynn & Armitage, 2011). These sleep disruptions and poor sleep quality may be predictive 
factors for subsequent mood disturbances (Dorheim, Bondevik, Eberhard-Gran & Bjorvatn, 
2009a; Okun, Luther, Prather, Perel, Wisniewski & Wisner, 2011; Posmontier, 2008; Swanson, 
Pickett, Flynn & Armitage, 2011), as discussed in the next section. These poor sleep patterns 
may also have a profound impact on other areas of maternal functioning/maternal-infant 
interactions (e.g., Insana, Stacom, & Montgomery-Downs, 2011; Goyal, Gay & Lee, 2009; 
Wolfson & Lee, 2005).  
Sleep, Sleep Quality, and Depressed Mood  
It is well-established that good quality sleep is essential for optimal physiological 
functioning and inadequate sleep can lead to impaired cognitive performance, immune response 
and ability to be fully awake during the day (Banks & Dinges, 2007; Franzen, Siegle, & Buysse, 
2008; Okun, 2011). Insufficient sleep may also be linked with increased incidence of mood 
disorders including MDD and bipolar disorder (Lopresti, Hood & Drummond, 2013; Manber & 
Chambers, 2009). Sleep difficulties are considered to be part of the key diagnostic criteria for a 
diagnosis of MDD (for review, see DSM-5; American Psychiatric Association, 2013). Some 
research has suggested that there is a bi-directional relationship between sleep disturbances and 
depression (Mendelson, Christian & Jed, 1977). That is, sleep disturbance may accompany mood 
  
disorders and/or be a prognostic indicator of mood disorders (Ford & Kamerow, 1989; Lopresti, 
Hood & Drummond, 2013; Perlis, Giles, Buysse, Tu, & Kupfer, 1997; Rosen, Gimmotty, Shea & 
Bellini, 2006).) To that end, chronic sleep disruption and poor sleep quality have been theorized 
to contribute to postpartum mood fluctuations.  
Several potential mechanisms may explain how disrupted sleep may contribute to 
postpartum mood.  For example, a study by Lee, McEnany and Zaffke (2000) found that frequent 
nighttime awakenings are a strong predictor of negative postpartum mood. Additionally, sleep 
quality, but not hormonal fluctuations (i.e., drops in estrogen and progesterone), was found to 
predict time to depression recurrence among a group of postpartum women with past histories of 
either MDD or PDD, even among women who were not depressed during pregnancy (Okun, 
Luther, Prather, Perel, Wisniewski & Wisner, 2011). A pilot study by Tsai and Thomas (2012) 
examined the relationship between objective and subjective sleep disturbances and depressive 
symptoms among 22, healthy first-time mothers within three months following delivery. Though 
none of the women in the study were found to have clinically significant depressive symptoms 
(as measured by the Edinburgh Postnatal Depression Scale [EPDS]), the variation of night-to-
night total sleep time as well as frequent early morning awakenings were positively correlated 
with an increase in depressive symptoms. This evidence is suggestive that sleep disturbance may 
be negatively associated with mood during the postpartum period, even if these mood changes to 
do not amount to meeting the criteria for a major depressive episode.  
Posmontier (2008) sought to compare the effects of sleep quality in women with 
postpartum depression relative to women without postpartum depression. This case-control, 
repeated measures matched pairs design, revealed that women with PPD experienced poorer 
  
sleep quality as measured objectively (through actigraphy) and subjectively, relative to women 
without PPD. Additionally, Posmontier (2008) found that sleep latency, wake after sleep onset 
and sleep efficiency were predictive factors of PPD symptom severity.  Dorheim, Bondevik, 
Eberhard-Gran and Bjorvatn (2009a) also examined the relationship between sleep quality and 
depressive symptoms among 2830 women at 7 weeks postpartum. They found that poor sleep 
quality (as measured by the Pittsburgh Sleep Quality Index) and sleep disturbances that included 
poor sleep efficiency and short sleep duration were the factors most strongly associated with 
PPD symptoms (as measured by the EPDS), even while controlling for factors considered to be 
known predictors of PPD (i.e., previous depression, depression during pregnancy, stressful life 
events and poor partner relationships). Dorheim and colleagues conducted an additional study 
(2009b) that examined sleep retrospectively and prospectively among 42 women of which half 
reported significant PPD symptoms (as measured by the EPDS). These women were then 
compared on retrospective measures of sleep quality as well as prospective measures of sleep 
parameters (e.g., SE) using sleep diaries and actigraphy.  The authors found that women with 
postnatal depressive symptoms were also more likely to report poor sleep quality as measured 
retrospectively at 2 months post-delivery. However, the association between sleep and 
depressive symptoms was not replicated with data that Dorheim and colleages (2009b) obtained 
objectively on sleep or self-reported sleep diaries. In contrast to the studies by Dorheim and 
colleagues (2009a; 2009b), Bei Bei, Milgrom, Ericksen and Trinder (2010) found that the 
perception of sleep, but not its objective quality was linked to immediate postpartum mood 
disturbances among a group of 44 healthy women thought to be at low risk for PPD.  Because of 
the discrepancy between these findings, further examination of the relationship between sleep 
quality and postpartum depressive symptoms is warranted.  
  
Summary. Meeting the demands of caring for a newborn may cause significant sleep 
disruption throughout the night for parents. Sleep disruption may cause sleep to be fragmented 
rather than consolidated.  This sleep fragmentation may account, at least partially, for postpartum 
mood disturbances, including PPD. Moreover, the extant literature provides significant support 
for a bidirectional relationship between factors of sleep quality, namely self-reported sleep 
quality, and mood during the postpartum period.  It is also critical to examine factors that 
influence restorative sleep and alleviate depressive mood symptoms. While there may be several 
factors that influence sleep and mood, the current study focuses on one health behavior in 
particular that has been believed to impact mood and sleep, and has more recently begun to gain 
research attention in the area of PPD--physical activity. The impact of physical activity on PPD 
symptoms has been supported; likewise the impact of physical activity on factors of sleep quality 
has been evidenced. However, the relative contribution, and perhaps an interaction, of good sleep 
quality and physical activity remains underexplored as a mechanism by which there may be an 
association with better mood postpartum.  Herein, a background on physical activity 
recommendations for women in general and specifically during the postpartum period is 
provided. Likewise, literature on the relationship between physical activity and sleep is 
reviewed. Finally, a model is proposed wherein physical activity may serve as a buffer between 
sleep quality and postpartum mood. 
Physical Activity and the Postpartum 
Physical Activity 
Physical activity is well documented to be consistently related to numerous physical and 
mental health benefits in the general population (Pendeo & Dahn, 2005) as well as to women 
  
specifically (for review, see Pekmezi, Linke, Hartman & Marcus, 2013). Physical activity 
consists of activity including walking, aerobic exercise, resistance training as well as other 
activities such as yoga, Pilates, duties of one’s job, gardening and even housework.  Adult 
women are recommended to engage in at least 150 minutes of moderate-intensity or 75 minutes 
of vigorous-intensity aerobic activity each week, or a combination of both in order to gain 
significant health benefits (US DHHS, 2008). Some of the health benefits of engaging in 
recommended physical activity include decreasing the risk for coronary heart disease (Wessel, 
Arant, Olson et al., 2004), type II diabetes mellitus (Hu, Willett, Stampfer, Colditz & Manson, 
2004), breast cancer (Friendenreich, 2010) and overall mortality (Centers for Disease Control 
and Prevention, 2004). Additionally, physical activity is also theorized to improve overall 
emotional well-being and mental health outcomes (Lopresti, Hood & Drummond, 2013; 
Stathopoulou, Powers, Berry, Jasper & Otto, 2006). For example, physical activity has been 
supported empirically as an independent intervention (even when compared to medication) or 
with adjunctive psychotherapy and/or pharmacology for the treatment of depression (Daley, 
2008). Improvements in mental health were also seen among individuals with obsessive 
compulsive disorder engaging in physical activity (Brown, Abrantes, Strong, et al., 2007) as well 
as improvements in self-reported sleep and sleep quality among adults with insomnia (Redie, 
Baron, Lu, Maylor, Wolfe & Zee, 2010). Additionally, the effects of exercise at reducing 
depression symptoms and increasing positive mood have also been shown to be stronger among 
women relative to men (Stephens, 1988). Therefore, there may be benefit of physical activity in 
reducing the risk of, or treating depressive symptoms that occur during the postpartum period. 
Though correlational, preliminary research has linked physical activity with reduced postpartum 
depressive symptoms (e.g., Demissie, Siega-Riz, Evenson, Herring, Dole & Gaynes, 2011; 
  
Teychenne & York, 2013; Yi-Li, Yang, Fang, Lee & Lin, 2013). Prior to discussing the 
relationship between physical activity and postpartum mood, the theorized mechanisms of action 
(i.e., the link between increased physical activity and mood) will first be explained.  
The Relationship between Physical Activity and Mood 
The mechanisms that link physical activity to changes in mood are not fully understood, 
but are theorized to involve biochemical/physiological (e.g., endorphins) and/or psychological 
processes (e.g., behavioral activation)(Pezkmezi, Linke, Hartman & Marcus, 2012). For 
example, engaging in physical activity may cause neurological changes such as a release of 
monoamines, namely serotonin, dopamine or noradrenaline, as well as endogenous opioids 
called “endorphins” which may facilitate psychological effects that act as euphoric or analgesic 
states. These changes, in turn, may moderate levels of psychological symptoms such as reducing 
stress, depression and anxiety (Ernst, Pinel, Lam & Christie, 2006). These neural changes also 
mirror those seen in treating depression through pharmacological approaches. Given the 
implications for postpartum depression, it is not surprising that researchers have begun 
examining the relationship between physical activity and mood among postpartum women 
(Larson-Meyer, 2002).  
Physical Activity and Postpartum Mood 
Physical activity has been recommended for women during the postpartum period (and 
during pregnancy) for a number of possible benefits for both women and their newborns 
(Evenson, 2011). In 2002, the American Congress of Obstetricians and Gynecologists (ACOG) 
defined their exercise recommendations for pregnant and postpartum women to include 30 
  
minutes or more of moderate exercise a day on most or all days of the week in the absence of 
medical and/or obstetric complications (ACOG, 2002). However, women undergo a series of 
physiological changes throughout pregnancy and these changes are thought to persist up to one 
month postpartum (ACOG, 2002). Therefore, the ACOG (2002) guidelines recommend that 
women in the postpartum period resume exercise both gradually and within the limits of their 
physical capacities. According to the United States Department of Health and Human Services 
(i.e., a cabinet-level of the U.S. government whose goals is to protect the health of all 
Americans; 2008), pregnant and postpartum women are recommended to aim at attaining 150 
minutes of moderate intensity, aerobic activity each week if not already active or have a recent 
history of engaging in vigorous intensity activity. These physical activity recommendations are 
within the same parameters that were discussed prior for optimal health benefits for adults in 
general.  
The more health promoting behaviors a new mother engages in, including physical 
activity, the lower her postpartum depressive symptoms (Beck, Gable, Sakala, & Declercq, 
2011). Based on epidemiological research, physical activity was found to be associated with 
reduced symptoms of depression among adults (U.S. Department of Health and Human Services, 
2000). Several correlational studies that have examined the association between physical activity 
and postpartum mood, as well as treatment outcome studies that involved physical activity as 
interventions for PPD suggest that postpartum women are likely to derive significant mood 
benefits from physical activity (DipTeach & Edwards, 2004; Drista, Dupuis, Lowensteyn, & 
Costa, 2009; Greer & Trivedi, 2009; Heh, Huang, Ho, Fu & Wang, 2008; Lewis & Kennedy, 
2011; Norman, Sherburn, Osborne & Galea, 2010).  For example, an early study by Sampselle 
and colleagues (1999) examined patterns of physical activity and associated risks and benefits 
  
among a group of women from their first antenatal visit through six weeks postpartum at four 
different time points (i.e., first antenatal visit, around 32 weeks gestation, immediately 
postpartum and at 6 weeks postpartum). Nearly 35% of their  sample (N=1003) reported 
engaging in vigorous exercise with a modal frequency of three times per week;  those engaging 
in the vigorous physical activity were significantly more likely to demonstrate better postpartum 
adaption (Sampselle, Seng, Yeo, Killion & Oakley, 1999). Several studies have also supported 
physical activity interventions for the reduction in PPD symptoms. For example, Norman and 
colleagues (2010) examined the efficacy of an 8-week specialized exercise program combined 
with parenting education for improving mood in postpartum mothers compared with an 
education only control group. Their findings yielded significant improvements in depression 
symptoms at the completion of the 8-week program, a maintained effect of these changes 4 
weeks later and a 50% reduction in PPD symptoms for those considered “at-risk” for PPD. 
Dipteach and Edwards (2004) also investigated the efficacy of a pram-walking (walking that is 
done by the mother while pushing her infant in a stroller) exercise program relative to a support 
only condition. Results from their study yielded significant improvements in depressive 
symptomotology among the pram-walking participants compared with controls. Moreover, Heh 
and colleagues (2009) investigated the role of an exercise support program in reducing PPD 
among a group of Taiwanese women who scored 10 or higher on the Edinburgh Postpartum 
Depression Scale (i.e., suggestive of PPD; EPDS).These women evidenced reductions in 
depressive symptoms following a 3-month combined hospital and home session support 
intervention. Therefore, physical activity appears to be a promising component for the prevention 
and treatment of PPD.  
  
From this literature review, it is clear that both sleep quality and physical activity have 
each been shown to account for variance in postpartum depression symptoms, and thereby may 
also serve as modifiable behaviors by which PPD symptoms could be ameliorated. However, an 
area that appears to be less explored is the potential interaction that these two health behaviors 
may have in predicting postpartum depression symptoms.  The next section will describe 
previous research on the relationship between physical activity and sleep and lead into a 
discussion of how these health behaviors may potentially interact among postpartum women.  
Physical Activity and Sleep 
Exercise has consistently been linked to improvements in sleep parameters, particularly 
sleep quality.  Uchida, Shioda, Moria, Kubota and Takeda (2012) reviewed the effects of 
physical activity on sleep physiology. They concluded that several mechanisms may link 
physical activity to improved sleep quality, including acute effects of central nervous system 
fatigue, body temperature elevation, improved glucose metabolism and increased brain-derived 
neurotrophic factor (BDNF) following exercise. BDNF is 119-amino –acid found primarily in 
the hippocampus and cerebral cortex of the brain, but can also be found in the circulating blood 
to a lesser degree (Mowla et al., 2001). Coincidentally, BDNF has also been implicated as 
having a therapeutic effect on depressive symptoms (Heyman et al., 2011; Toups et al., 2011).  
For example, a meta-analysis examining the impact of regular exercise on sleep showed that 
increases in total sleep time and slow wave sleep were associated with higher levels of physical 
activity (Kubitz, Landers, Petruzello & Han, 1996). Additionally, an intervention program that 
included aerobic physical activity with conjunctive sleep hygiene education improved sleep 
quality, mood and quality of life in older adults with histories of chronic insomnia (Reid et al., 
  
2010). Physical activity has also been shown to improve sleep, among other individuals with 
insomnia as well as other sleep disorders (Buman and King, 2010; Passos et al., 2010; Reid et al., 
2010). To illustrate, Passos and colleagues (2010) sought to assess and compare three different 
forms of physical activity (moderate-intensity exercise, high-intensity exercise and moderate-
intensity resistance exercise) as well as a control group (not engaging in exercise) on sleep 
patterns (through polysomnography and daily sleep logs) of 48 individuals with chronic 
insomnia. Moderate-intensity aerobic exercisers, compared to high-intensity aerobic exercisers 
and a control group, showed reductions in sleep onset latency (i.e., SOL; time it took the 
individuals to fall asleep), increased TST and improved SE . Tang, Liou and Lin (2010) 
examined the efficacy of an 8-week walking exercise program on sleep quality (as measured by 
the Pittsburgh Sleep Quality Index [PSQI]) and quality of life relative to a control group, among 
patients receiving treatment for various types of cancer. They found that the exercise group 
reported significant improvements in sleep quality as compared with controls after completing 
the intervention. Baron, Reid and Zee (2013) examined the relationship between sleep and 
exercise. These researchers specifically examined the bidirectional relationship between 
insomnia symptoms and exercise. Sleep and exercise were measured subjectively through sleep 
diaries and objectively through wrist activity. The authors (Baron, Reid and Zee, 2013) found 
that individuals who had shorter sleep onset latency times were more likely to exercise the 
following day. While they also found that TST, SE and global sleep quality improved 
significantly from baseline, they noted that these changes in sleep were more likely to influence 
exercise behaviors than exercise influencing sleep patterns. Taken together, these studies both 
support a relationship between physical activity and sleep and demonstrate that physical activity 
  
has promise in improving sleep, particularly sleep quality. What has yet to be explored is how 
sleep and physical activity may influence mood among postpartum women.  
Physical Activity and Sleep among Child Bearing Women 
 To our knowledge only two studies have examined the relationship between physical 
activity and sleep among pregnant and postpartum women. One study examined the relationship 
between physical activity and sleep during pregnancy (Loprinzi, Loprinzi & Cardinal, 2012). 
The authors found limited associations between objectively measured physical activity and sleep. 
The associations were restricted to identifying relationships between physical activity and less 
difficulty finishing a meal because of feeling sleepy as well as less endorsement of leg cramps 
during sleep. However, this study had serious limitations including the lack of an experimental 
design and small sample size which raises caution in interpreting these findings. The second 
study, Mirmohammadali and colleagues (2012), compared the efficacy of a five session, 30-
minute per session Pilates intervention to no physical activity among a group of 80 postpartum 
women. Results yielded significant improvements in sleep quality among women in the Pilates 
intervention relative to those in the control group. While this study illustrates that physical 
activity during the postpartum may improve sleep quality, to our knowledge, the authors did not 
examine postpartum mood outcomes following the intervention. The authors also chose a form 
of physical activity (i.e., Pilates) that is not reflective of the recommendations for vigorous 
physical activity as noted by the DHHS (2008). Therefore, many questions remain as to whether 
physical activity throughout the postpartum period may be associated with improved sleep and 
better postpartum mood. Namely, is physical activity associated with better sleep quality and less 
postpartum depression symptoms? 
  
Sleep, Physical Activity and Postpartum Mood 
 Given that sleep disturbance is one of the core symptoms of PPD, and depression in 
general (American Psychiatric Association, 2013), and physical activity appears to be 
independently associated with improved sleep quality and depressive symptoms, it is plausible 
that the effects of physical activity on sleep quality could be an important mechanism for 
improving postpartum mood. Despite evidence of these factors being examined independently in 
relation to postpartum mood tour knowledge, no study has examined the interrelationship 
between physical activity and sleep quality in relation to postpartum mood. Because this is a 
novel area of research during the postpartum period, the proposed study is designed to replicate 
previous findings linking physical activity and sleep, physical activity and mood, sleep quality 
and mood. Additionally, this study was designed to test the degree to which physical activity and 
sleep quality interact in contributing to postpartum mood: under the condition of engaging in 
more physical activity, the association between sleep quality and postpartum depression 
symptoms may be strengthened.  
Summary and Rationale 
 While factors of sleep quality and physical activity may not fully predict postpartum 
mood outcomes, the combination of these two variables may be instrumental in preventing or 
alleviating symptoms associated with mood and quality of life during the postpartum period. 
Given that only a few studies to date have examined the impact of exercise on quality of sleep 
during the postpartum period (Mirmohammadal et al., 2012), more studies of its kind are needed, 
including investigations into the potential mechanisms of change and relative contributions of 
sleep quality and physical activity in predicting postpartum mood. Additionally, exercise may be 
  
a practical form of intervention because of its feasibility. That is, engaging in physical activity 
can be inexpensive in e.g., walking in your own neighborhood, a nearby park or even doing 
exercise videos from the comfort of one’s own home. Additionally, individuals can derive 
benefits from exercise through various amounts of engagement. A recent meta-analysis found 
that as little as 30 minutes of moderate intensity physical activity, 3 times per week, for at least 
eight weeks may ameliorate depressive symptoms (Perraton, Kumar & Machotka, 2010). 
Moreover, local gyms may offer childcare at little or no additional cost to its members, making it 
an ideal place for postpartum women to participate in physical activity. 
Identifying modifiable risk factors for postpartum women can have the potential, with 
further clinical testing, to offer a viable alternative or augmentation of other forms of 
antidepressant therapies. Antidepressant medications have been empirically supported for their 
efficacy in treating PDD (Cohen et al., 2001; Nonacs et al., 2005; Stowe et al., 1995; Suri, Burt 
& Alshuler, 2005), however, they may have potential side effects (e.g., small amounts may pass 
through breast milk to a developing infant), and may not fully resolve depressive symptoms 
(Fitelson, Kim, Baker & Leight, 2011). Furthermore, for the target population for our study, 
postpartum women, mixed views persist on the use of pharmacological approaches for the 
treatment of depression since side effects to the fetus or developing infant (e.g., if the mother is 
breastfeeding). Many providers, including primary care physicians, obstetricians and 
gynecologists are wary about prescribing anti-depressant medications to pregnant and 
postpartum women because of potential unknown long-term side effects to the fetus/infant.  Due 
to the serious implications of PPD, it is indisputable that prevention and treatment are of upmost 
importance. Behavioral approaches such as increasing physical activity and improving sleep 
quality may be promising interventions for reducing PPD.  Prior to developing interventions that 
  
are comprised of focusing on improving these two predictors of postpartum mood, it is salient to 
first explore their interactive effect in relation to postpartum depression symptoms. Therefore, 
this study will help to gain a better understanding of sleep quality, physical activity and 
postpartum depression symptoms during the postpartum period as well as examine the 
interrelationships between these three variables. In order to examine these variables, the 
following aims and hypotheses were made: 
Aims and Hypotheses 
Primary Aims 
Aim 1. Replicate the associations between sleep quality, physical activity and 
postpartum mood. It was hypothesized that: 
a.   Subjective sleep quality would be inversely associated with poor postpartum mood. 
That is, higher PSQI scores (poorer sleep quality) will be positively correlated with PPD 
ratings.  
b. Higher rates of subjectively reported physical activity would be associated with lower 
ratings of PPD. 
c. Higher rates of physical activity would be positively associated with subjectively 
reported sleep quality.  
Aim 2. To examine the interaction between subjectively reported sleep quality and 
physical activity as predictors of postpartum mood. It was hypothesized that the interaction 
between high levels of subjectively reported sleep quality and physical activity would predict 
lower postpartum depression severity. Under conditions of high physical activity (high IPAQ 
scores) and good sleep quality (low PSQI scores), postpartum mood symptoms would be less 
  
severe (lower EPDS scores) than under conditions of low physical activity and poor sleep 
quality.  
Exploratory Aims 
Additional objectives of the study were to collect pilot data for future studies in order to 
explore other potential factors of sleep and physical activity in predicting postpartum mood, 
namely: examine the degree to which fatigue accounts for the relationship between sleep quality, 
physical activity, and postpartum mood. While it is recognized that a systematic examination of 
each of these variables and theories described below is beyond the scope of this study, a 
secondary goal of this study was to maximize the opportunity of collecting data on postpartum 
women and begin to explore these variables, where possible. 
Aim 3. Fatigue, sleep quality, physical activity and postpartum depression symptoms. 
Fatigue has also been linked with depressive symptoms during the postpartum period, with these 
two variables showing a reciprocal relationship with one another (Corwin & Arbour, 2007; 
Corwin, Brownstead, Barton, Heckard & Morin, 2005; Doering, Runquist, Morin, & Stetzer, 
2009; Kuo, Yang, Tseng & Tzeng, 2012). It is also estimated that nearly 79.8% of women are 
fatigued at one week postpartum and these symptoms are likely to continue for at least 6 to 8 
weeks postpartum (Rychnovsky, 2007). Depression may increase the likelihood of fatigue 
(Bozosky & Corwin, 2002) and changes in sleep (e.g, sleep fragmentation and/or poor sleep 
quality) may indirectly affect postpartum mood through fatigue (Dorheim, Bondevik, Ebherd-
Gran, & Bjorvatn, 2009a). In a study by Corwin, Brownstead, Barto, Heckard and Morin (2005) 
on 42 community-dwelling pregnant women, postpartum fatigue was predictive of PPD 
symptoms, even while controlling for a history of depression. Additionally, a recent investigation 
by Kuo and colleagues (2012) was also concordant with these findings. The results of their study 
  
yielded a positive correlation between fatigue and PPD symptoms among 121 childbearing 
women. Because of this emerging evidence, this study sought to replicate these findings and 
further explore fatigue by examining the relationship between fatigue, sleep quality, physical 
activity and PPD symptoms. It was hypothesized that (a) Poor sleep quality and fatigue would be 
positively associated; (b) Higher rates of fatigue would be associated with more severe PPD 
symptoms; and (c) Higher rates of physical activity would be related with less fatigue.  
 
CHAPTER 3: METHOD 
Inclusion and Exclusion Criteria 
 In order to gain a better understanding of sleep quality, physical activity and mood during 
the postpartum, a diverse group of postpartum women were sought for participation in this study.  
Women were eligible to participate if they were between the ages of 18 and 45 years of age, 
English-speaking with at least an 8th grade reading level, and six weeks (i.e., to account for those 
who could not exercise prior to six weeks if they had C-sections) to six months postpartum. 
Interested volunteers were asked to self-exclude from the study if they had any of the following: 
a history of substance abuse within the last year (e.g., alcohol, marijuana, narcotic drugs); were 
currently taking any psychotropic medications (e.g., antidepressants such as Zoloft or Paxil, 
antipsychotics such as Depacote, or benzodiazepines such as Xanax or Ativan); have a history of 
postpartum depression; have a history of experiencing a stillbirth or neonatal death; delivered 
more than one infant at this most recent delivery (e.g., twins, triplets); experienced a major 
perinatal complication (e.g., preeclampsia, gestational diabetes) or neonatal complications (e.g., 
their child required a NICU admission); and/or currently receiving treatment for depression (e.g., 
psychotherapy, counseling).  
  
Participant Recruitment and Procedures 
 Prior to beginning the study, approval to conduct the study was obtained from the Drexel 
University Institutional Review Board (IRB). Recruitment took placed from October 2013 
through April 2014. Volunteers for this study were recruited in one of two ways: 1) in person, 
through the Drexel University Women’s Care Clinic and; 2) through online advertisements. The  
participants (N=96) were recruited through online advertisements for the study. Only one person 
expressed interest in participating in-person. However, this individual only completed the 
electronic informed consent and 5 questions in the survey and did not complete the remaining 
questions of the survey. She reported to the research assistant that she did not have time to 
complete the remaining questions in-person and would do so online. However, this participant 
did not complete the remaining questions. 
In-Person Recruitment 
 Due to parameters set forth by the Drexel IRB, a trained research assistant was unable to 
make direct contact with potential participants unless approached first by the potential 
participant. Study advertisements were available at check-in at the Drexel Women’s Care Center 
to all patients at the practice. These advertisements included information regarding the objective 
of the study, inclusion and exclusion criteria, a link to the study online, as well as contact 
information for the co-investigator. Drexel Women’s Care Center triage staff also provided 
patients with study advertisements as patients were triaged in the clinic for their appointments 
(e.g., when blood pressure was taken). If interested in participating, participants had two options: 
1)They could complete the study at home on their own computer ; or 2) they could  complete the 
study while they were at the Women’s Clinic. A research assistant was on-site two days per 
week to provide potential volunteers with additional information and a laptop for individuals to 
  
complete the study on site.  The study research assistant remained on-site one to two days per 
week from November of 2013 until February of 2014. Only one participant that was recruited 
from this site chose to begin the study while at her appointment. However, this participant did 
not complete the full study, noting to the research assistant that she had prior commitments 
following her appointment.  
Online Recruitment 
The IRB approved online advertisement for the study was placed on the newsfeeds of 
several women’s postpartum groups (e.g., Funny Postpartum Lady, Mothershelpingother.org, 
Craigslist, various Postpartum Women’s Facebook Groups).  This advertisement also provided 
potential participants with the self-screening criteria following the aforementioned inclusion and 
exclusion criteria for the study. If interested in participating, women would go to the link 
provided on the advertisement, which directed them to an electronic consent.  If the participant 
consented to participation, she was directed to the electronic study questionnaires posted through 
the Qualtrics Survey System. Qualtrics is software that allows researchers to create and conduct 
anonymous survey studies online. Participants’ names were not collected, however, participant 
IEP addresses were collected through Qualtrics (i.e., embedded in the software) in order to avoid 
duplicate participation and maintain the integrity of the study since data were collected online.  
This information was only accessed by the designated principal investigator and co-investigator.  
Participants were also given the option to skip any question that made them feel uncomfortable 
and were free to stop completing the study at any time.  
Following the completion of the questionnaires, participants were thanked for their 
participation and taken to (www.helpguide.org/mental/postpartum_depression.htm). This website 
  
offers additional information on the symptoms of postpartum depression including signs and 
symptoms as well as resources regarding where to seek additional help if needed. Participants 
were not remunerated for participation.   
Measures 
 In order to examine the primary variables of interest, the following measures were 
included in this study in electronic format through the Qualtrics System:  
Brief Infant Sleep Questionnaire. The Brief Infant Sleep Questionnaire (BISQ) The 
BISQ is a 13-item, parent self-report measures that includes questions about infants’ daytime and 
nighttime sleeping patters as well as sleep-related behaviors. It has been validated against 
actigraphy and daily-logs (Sadeh, 2004). It is also sensitive to the expected developmental 
changes in infant sleep as well as the infant’s sleep environment (Sadeh, 2004). The BISQ has 
also shown strong test-retest reliability, Pearson’s r’s =.82-.95 (Sadeh, 2004).   
Demographic Form (see Appendix A). All participants will complete the Descriptive 
Information Form (Appendix B), to report demographic information, medication use, mental, 
and obstetric medical history as well as questions about breastfeeding.  This form was utilized to 
obtain information in reference to factors associated with sleep, physical activity and postpartum 
depression as well as potential covariates. 
Edingburgh Postnatal Depression Scale. The Edingburgh Postnatal Depression Scale 
(EPDS) is a 10-item, self-rating questionnaire that was developed by Cox, Holden and Sagovsky 
(1987) to screen for depression during the postnatal period. Each question has four optional 
responses, a scoring system of 0-3 points for each question that can yield a maximum score of 30 
(suggestive of severe PPD symptoms). This scale measures a woman’s mood over the past week 
  
and several scores have been suggestive as a cut-off score for depression of various severities 
beginning with a summed score greater than or equal to, 10 (Cox, Holden & Sagovsky, 1987; 
Dorheim, Bondevik, Ebeherhard-Gran, & Bjorvatn, 2009). Therefore, a clinical cut-off of greater 
than, or equal to 10 was be used in the current study to indicate depressive symptoms. The EPDS 
has also been shown to be reliable (Cronbach’s alpha= .87) and valid for use among postpartum 
women (Tsai & Thomas, 2012). The EPDS was found to be reliable in this study (Cronbach’s 
alpha= .85)  
Insomnia Severity Index. The Insomnia Severity Index (ISI) is a 7-item questionnaire 
used to evaluate the severity of insomnia while focusing on daytime symptoms (Bastien, 
Vallieres & Morin, 2001). The ISI will be used to investigate the relationship between severity of 
insomnia symptoms with other parameters.  The ISI is a reliable (Cronbach’s alpha = .74) and 
valid (p < .05, comparing to self-reports of sleep) measure that is commonly used among sleep 
researchers (Bastien et al., 2001; Savard, Savard, Simard, & Ivers, 2005).  A clinical cut off 
score of 8 has been suggested to indicate a clinical level of insomnia symptoms (Savard et al., 
2005). The ISI was found to have strong internal consistency in this study (Cronbach’s alpha = 
.88).  
Modified Fatigue Symptom Checklist. The Modified Fatigue Symptom Checklist 
(MFSC) consists of 30 statements that measure symptoms of psychological and physical fatigue. 
For every item endorsed as occurring since delivery, a point is added for a total of up to 30 
points, with higher scores suggestive of greater amounts of fatigue (Pugh, Milligan, Parks, Lenz 
& Kitzman, 1999; Yoshitake, 1978). This checklist has been validated for use in postpartum 
women and has shown high internal consistency of .82 to .85 (Bozosky, & Corwin, 2001; Pugh 
  
et al., 1999). This strong internal consistency was also replicated in this study (Cronbach’s alpha 
= .93).  
Pittsburgh Sleep Quality Index. The Pittsburgh Sleep Quality Index (PSQI) consists of 
19 self-report items that assess clinical and subjective sleep complaints retrospectively over the 
last month. Seven component scores can be generated (range 0-3) on indices of subjective sleep 
quality, sleep onset latency, sleep duration, sleep efficiency, sleep disturbances, sleeping 
medication usage and daytime impairment (Buysee, Reynolds, Monk, Berman & Kupfer, 1989). 
The sum of the seven components yields a global score of up to 21. Scores above 5 are indicative 
of the presence of poor sleep quality (Buysee, Reynolds, Monk, Berman & Kupfer, 1989). This 
scale has also been used to assess postnatal women in recent studies (Dorheim, Bondevik, 
Eberhard-Gran & Bjorvatn, 2009) and was found to be reliable (Cronbach’s alpha =.80) and 
valid (DPsych, Milgrom, Ericksen & Trinder, 2009). Reliability was also moderate in this study 
(Cronbach’s alpha = .75).  
 International Physical Activity Questionnaire Long-Form. The International Physical 
Activity Questionnaire Long Form (IPAQ-KF) is a 31-item measure (Craig et al., 2003) which 
asks respondents to recall the number of minutes during the previous week they engaged in 
physical activity in each of five categories: a) household, b) occupational, c) self-powered 
transportation, d) leisure-time, and e) sedentary activity. The data processing guidelines provided 
by the questionnaire developers (IPAQ, 2005) will allow us to estimate a total weekly physical 
activity score determined as a metabolic equivalent (MET; physical exertion) using the 
combination of each category to create a total IPAQ score and to categorize the physical activity 
of participants. This study used the IPAQ data to classify each participant as engaging in low, 
  
moderate or high physical activity. Individuals will be identified as being moderately physically 
active if they either engage in at least 5-6 days/week of moderate-intensity activity and/or, walk 
for at least 30 minutes/day, or engage in a combination of activities during the week to achieve a 
minimum of 600 MET-minutes/week, or engage in 3 or more days of vigorous-intensity activity 
for at least 20 minutes per day as reflected by the DHHS recommendations (2008). Individuals 
will be categorized as highly physically active if they engage in vigorous-intensity activity on at 
least 3-days/week and obtain a minimum of 1500-MET minutes/week, or if they endorse 
participating in 7-days of combined activity resulting in a minimum of 3000-MET-
minutes/week. Test-retest reliability of the IPAQ questionnaire has been examined in a 12-
country study and the IPAQ demonstrated an average Spearman correlation of .80 (Craig et al., 
2003).  
Statistical Analyses 
All statistical analyses were conducted using IBM SPSS Statistics 20 package. 
Descriptive characteristics and frequency distributions were conducted in order to examine the 
variables of interest for normality and distribution. Descriptive characteristics collected from the 
demographic measure were assessed for their relationships with the primary variables of interest 
(sleep, exercise and postpartum depression) to determine if covariates are present (e.g., ethnicity, 
SES) using Pearson’s correlations to assess the relationships between continuous variables and 
chi-square analyses for categorical variables (e.g., such as ethnicity and SES). Additionally, 
Pearson’s correlations were conducted between insomnia severity (as measured by the ISI) and 
infant sleep difficulties (as measured by the BISQ)  and the primary variables of interest to 
determine if these factors were covariates that needed to be controlled for during the analyses of  
  
the primary aims. After the preliminary analyses were completed, the following statistical 
analyses were conducted to assess the aims and hypotheses of the current study. 
Aim 1.  Replicate the associations between sleep quality, physical activity and 
postpartum mood. A correlation matrix using bivariate correlations (Pearson r’s) was generated 
to evaluate the relationships between subjective sleep quality (measured by the PSQI), physical 
activity (measured by the IPAQ) and postpartum mood (measured by the EPDS).  
Aim 2. To examine the interaction between subjectively reported sleep quality and 
physical activity as predictors of postpartum mood. Following the empirically supported 
procedures for conducting a moderation analysis according to Baron (2004), all continuous 
variables of interest (i.e. sleep quality, physical activity) were centered. After centering the 
variables of interest, product terms were created to represent the interaction between the 
predictors for each separate model and analyses. The interaction term was created by multiplying 
the centered variables of interest (i.e., sleep quality and subjectively reported physical activity) to 
create a product term. After the product term was created, a hierarchical multiple regression 
equation was created using PASW statistical package to assess the proposed model of the 
interaction between sleep quality (as measured by PSQI) and subjectively reported physical 
activity (as measured by the IPAQ) in predicting variance in postpartum mood (as measured by 
the EPDS). In step one, sleep quality was entered. In step two, subjectively reported physical 
activity. The interaction term was entered in the third step (PSQI X IPAQ). Postpartum mood 
was entered as the dependent variable. 
 
  
Exploratory 
Aim 3. Fatigue, sleep Quality, physical activity and postpartum depression 
symptoms. The relationships between sleep quality (as measured by the PSQI), physical activity 
(as measured by the IPAQ), fatigue (as measured by the MFSC) and postpartum mood (as 
measured by the EPDS) were examined by conducting bivariate correlations (using Pearson’s r).  
Statistical Power 
 In order to conduct the analyses using appropriate power, a power analyses was 
conducted using Cohen’s (1992) power primer. Based on an alpha level of .05 and a medium 
effect size, .80 power was recommended. Cohen’s (1992) table indicated that 76 participants 
were needed for adequate power.  
CHAPTER 4: RESULTS 
Sample Characteristics 
Ninety-six women who were six weeks to 24 weeks (i.e., 6 months) postpartum 
(M=11.97 weeks, SD= 6.3) volunteered to participate in this study, ranging from 22 to 45 years 
of age, with a mean age of 29.97 (SD= 5.06). The sample was racially/ethnically diverse with 
(55.2%) women identifying as white (non-Hispanic), 3 (3.1%) as African American, 6 (6.3%) as 
Indian American, 28 (29.2%) and 5 (5.1%) as Asian American. One participant did not provide 
her ethnicity. In terms of marital status, 74 (77.1%) reported being married, 10 (10.4%) single, 
one (1%) separated, one (1%) divorced, five (5.2%) with live-in partners, and five (5.2%) in 
significant relationships. Participants were also asked to endorse their level of difficulty paying 
for basic needs in order to ascertain socio-economic status. Seventy-three percent of participants 
  
reported that they did not face challenges meeting basic needs, relative to 26% that did report 
difficulty (one participant chose not to respond) (see Table 1 for further details). Participants also 
reported variable access to healthcare with 29 (30.2%) reporting using medical assistance, 55 
(57.3%) having private health insurance and 11 (11.5%) endorsing that they had neither.  
Women who participated in this study gave birth at an average of 38.19 weeks (SD= 
2.48) and had self-estimated labors that lasted 9.12 hours on average (SD=9.68). Seventy-six 
(79.2%) of women reported having vaginal births, 8 (8.3%) emergency caesarian sections, and 
12 (12.5%) planned caesarian sections. Sixty-five (67.7%) reported breastfeeding, 19 (19.8%) 
using formula to feed, and 12 (12.5%) women reported using a combination of breastfeeding and 
formula feeding their infants.  
Sample Means of Primary Variables of Interest 
  Postpartum Depression Symptoms. Among this sample, 46.7% of women (N=43) 
endorsed symptoms that were suggestive of mild or worse postpartum depression symptoms (i.e., 
greater than or equal to 10) on the EPDS. However, among the entire sample of women, the 
average EPDS score was slightly below the cutoff score that is suggestive of postpartum 
depression on the EPDS, averaging scores of 9.68 (SD=5.34). Participants who identified 
themselves from a race other than Caucasian reported slightly higher EPDS score (M= 10.90 , 
SD= 4.91) relative to women who identified as being Caucasian (M=8.12, SD= 5.06).  
Nulliparous participants also reported fewer postpartum depressive symptoms (M= 7.87, SD= 
3.83) relative to multiparous participants (M=15.00, SD= 2.27).  
  
 Sleep. The participants in this sample also reported sleep disturbances that included poor 
sleep quality as well as significant symptoms of insomnia. Participants reported a range of sleep 
quality (0-17) on the PSQI, and averaged scores suggestive of poor sleep quality (M=7.44, 
SD=3.96). The endorsement of significant insomnia symptoms among this sample was also 
evidenced by an average score of 9.18 (SD=5.44) on the ISI. This average falls in the mild 
insomnia severity range. The complaints most endorsed by participants were difficulties falling 
asleep and staying asleep.  Participants reported sleep onset latencies that averaged 42 minutes 
(M=42.12, SD=51.18), total night sleep times of 6 hours (M=6.13, SD=1.53) and daily napping 
that averaged 38 minutes per day (M=38.01, SD=52.53). The postpartum women in this sample 
also reported being moderately fatigued, endorsing symptoms on the MFSC that averaged 11.14 
(SD=7.86). Nulliparous participants also reported fewer insomnia symptoms (M= 6.74, SD= 
4.98) relative to multiparous participants (M=12.38, SD= 3.70). 
 Infant sleep variables were also captured using the Brief Infant Sleep Questionnaire 
(BISQ). Mothers reported that their infants experienced a wide span of wake time after sleep 
onset (i.e., WASO), averaging 89.08 minutes (SD= 84.81). Average total sleep times reported for 
infant nighttime sleep was 8.15 (SD= 2.48) hours and daytime sleep was 4.54 (SD= 2.26). A 
majority of women reported that they did not consider their infant’s sleep to be a problem at all 
(N=63, 57.8%), 25 (22.9%) indicated that it was a “small problem, and 7 (6.4%) reported that it 
was a very serious problem.  
 Physical Activity. As noted previously, physical activity was measured using the IPAQ 
which yields scores in metabolic equivalents of tasks (i.e., METS). For the purpose of this study, 
a continuous variable was calculated that summed the total METS per week for each participant 
  
that consisted of their reported walking, moderate-intensity and vigorous-intensity physical 
activity. The reported physical activity levels in this study varied from no reported physical 
activity to high levels of physical activity. On average, the women in this study reported an 
average of 1565.90 METS (SD=2701.08) of total walking, 2226.08 METS (SD= 3300.07) of 
moderate-intensity physical activity, and 1578.26 METS (SD = 3493.88) of vigorous-intensity 
physical activity per week. This yields a total weekly average of 5607.17 METS (SD = 
7486.21)(See Table 3). Overall, 23 women (25%) reported low levels of physical activity, 25 
(27.2%) reported moderate levels of physical activity, and 43 (46.7%) reported high levels of 
physical activity per week. Overall, the data were skewed positively, therefore median values 
were also calculated with a median values of 594.00 METS for walking, 960.00 METS for 
moderate activity total, 0.00 METS for vigorous total activity and 3031.5 total METS for all 
reported physical activity. Data were missing from one participant regarding her weekly physical 
activity.  
Reliability Check 
Cronbach’s Alpha coefficients were calculated for each of the measures of variables of 
interest in order to assess their internal consistency reliability. Reliability ranged from acceptable 
to excellent (.75-.93), suggesting strong internal consistency and increased confidence in 
interpreting the findings. The internal consistencies for the primary measures of interest are 
presented in Table 2. 
 
 
  
Preliminary Analyses 
In order to determine whether demographic variables may be potential covariates for 
consideration in conducting the analyses of the hypotheses, a series of t-tests, correlations, and 
one-way analyses of variance were conducted between demographic variables (e.g., 
breastfeeding) and the primary variables of interest (i.e., sleep quality, postpartum mood and 
physical activity). Feeding method, the week of gestation at delivery, how many weeks the 
participant was postpartum, hours of labor or infant sleep variables (i.e., infant total sleep time, 
infant wake after sleep onset) were not found to be related to the primary variables of interest (all 
p’s > .05). Insomnia severity was found to be significantly correlated with sleep quality, physical 
activity and postpartum depression symptoms (see Table 4). Though insomnia was considered as 
a covariate, due to concerns of multicollinearity in the regression analyses, it was not utilized as 
a covariate in that analysis.  
Primary Analyses 
Aim 1.  Replicate the associations between sleep quality, physical activity and 
postpartum mood. Since the data were normally distributed, Pearson’s correlations were 
conducted between the primary variables of interest: sleep quality (PSQI global ratings), physical 
activity (IPAQ total score), and mood (EPDS scores). As expected, sleep quality and postpartum 
depression symptoms were found to be significantly correlated, r(88) = 0.62, p < .01. Consistent 
with the hypotheses, postpartum depression was found to be significantly correlated with 
physical activity, r(90) =0.23, p= 0.03. For full details of correlations between the primary 
variables of interest, please see Table 3. However, sleep quality was not found to be correlated 
with physical activity, r(87) =0.05, p = 0.64. 
  
Aim 2. To examine the interaction between subjectively reported sleep quality and 
physical activity as predictors of postpartum mood.  Sleep quality (as measured by the PSQI) 
and physical activity (as measured by the IPAQ) were first centered. After being centered, they 
were multiplied by each other in order to create an interaction term (i.e., PSQI X IPAQ). Sleep 
quality, physical activity and the interaction term were then entered into a step-wise linear 
regression analyses with sleep quality entered in the first block, physical activity in the second, 
the interaction term created from multiplying the centered sleep quality and the centered physical 
activity in the third and postpartum depression symptoms (as measured by the EPDS) was 
entered as the dependent variable. Sleep quality, physical activity and an interaction between 
sleep quality and physical activity were regressed on postpartum depression symptoms. Sleep 
quality was found to account for 42.5% of the variance in predicting postpartum depression 
symptoms, F(3, 91)= 21.68, p < .01.  Sleep quality yielded a significant effect on postpartum 
depression symptoms (β= 0.65, p< .01. However, physical activity (β= 0.08, p = 0.36), and the 
interaction between these two variables did not (β= 0.03, p= 0 .74). Thus, the hypothesis that 
physical activity would moderate the relationship between sleep quality and postpartum 
depression symptoms was not supported.  
Exploratory Aim 
Aim 3. Fatigue, sleep quality, physical activity and postpartum depression 
symptoms. Pearson’s correlations were conducted to assess the relationships between fatigue, 
sleep quality, physical activity and postpartum mood. Fatigue was found to be significantly 
correlated to sleep quality, r(88)= 0.66, p < .01, and postpartum mood, r (90)= 0.66 , p < .01).  
Fatigue was also found to be significantly correlated with physical activity, r(90)= 0 .30, p= 
.004.  
  
Post Hoc Exploratory Analyses 
In an attempt to understand the significant and non-significant findings reported above, 
several additional exploratory analyses were conducted. First, a new model is proposed and 
tested in an attempt to understand the relationships between sleep quality, physical activity and 
fatigue. Then, insomnia severity among this sample was further explored. Next, the relationship 
between levels of physical activity and postpartum depression symptoms is examined. Finally, 
severities of postpartum depression symptoms are compared among short sleepers, average 
sleepers and extremely long sleepers.  
Post Hoc Exploratory Aim 1. A measure of insomnia severity was originally included in 
this study to be considered as a covariate when examining the relationships between sleep 
quality, physical activity and postpartum depression symptoms. As noted in the preliminary 
analyses, insomnia severity was found to be significantly correlated with sleep quality, physical 
activity and postpartum depression symptoms (refer to Table 4). Because insomnia severity was 
so highly correlated with the primary variables of interest, it was not controlled for in the 
moderation analyses due to concerns of multicollinearity.  However, it is clear the strength of the 
associations between insomnia severity and the variables of interest, particularly postpartum 
depression symptoms was strong. In an attempt to explain this finding, a partial correlation 
analysis was conducted between sleep quality and postpartum depression symptoms while 
controlling for insomnia severity. When controlling for insomnia severity, the relationship 
between sleep quality and postpartum depression symptoms approached significance, r= 0.20, p 
= .060, relative to this correlation being significant when insomnia severity is not controlled for. 
Therefore, it was hypothesized that insomnia severity might account for depressive symptoms 
  
more so than global sleep quality. Therefore, additional exploration of this variable was 
conducted.  
In the interest of understanding insomnia severity among this sample, the following 
explorations were made: 1) describing insomnia severity among this sample 2) replicating 
previous findings that link insomnia and postpartum depressive symptoms  
Insomnia Severity among this Sample. As previously demonstrated, insomnia severity 
was significantly, positively correlated with all of the variables of interest (i.e., sleep quality, 
physical activity, and postpartum depressive symptoms; see Table 4). Participants reported an 
average score of 9.18 (SD=5.44) on the ISI, which is suggestive of sub-threshold insomnia 
symptoms. The data were then dichotomized into two categories, those below the threshold for 
insomnia (i.e., 7 or below on the ISI) and those with sub-threshold to severe insomnia symptoms 
(i.e., scores of 8 or above on the ISI. Forty-one participants were below the cutoff for sub-
threshold insomnia symptoms and 56 participants reported symptoms suggestive of sub-
threshold to severe insomnia symptoms. Independent samples t-tests were then conducted to 
compare the means reported by those in the non-insomnia group compared with the insomnia 
group on  sleep quality, physical activity, fatigue and postpartum depressive symptoms. The 
results can be found in Table 5. Of note, those in the insomnia group reported significantly more 
postpartum depressive symptoms, fatigue and poorer sleep quality.  
The Relationship between Insomnia Severity and Postpartum Depressive Symptoms. In 
order to examine the relative contribution of insomnia severity in predicting postpartum 
depression symptoms, a linear regression was conducted using simultaneous entry to control for 
the relative contributions of the other primary variables of interest in this study (i.e., sleep 
  
quality, physical activity and fatigue). The independent variables of insomnia severity (ISI), 
sleep quality (PSQI), physical activity (IPAQ) and fatigue (MFS) were regressed on postpartum 
depression (EPDS). This model was found to account for 50% of the variance in predicting 
postpartum depression symptoms, which was highly significant, F(4, 95)= 24.09, p < .01. Both 
insomnia severity (β= 0.37, p= .003) and fatigue (β= 0.29, p = 0.01) demonstrated significant 
effects on postpartum mood. However, sleep quality (β= 0.12, p= 0 .29) and physical activity (β= 
0.04, p= 0.66) did not have significant relative contributions in predicting postpartum depression 
symptoms. The hypothesis that insomnia severity is a significant contributor in predicting 
postpartum depression symptoms was supported. 
Because of the potential for these constructs (i.e., insomnia severity and sleep quality) to 
both present as sleep disturbance among postpartum women (e.g., short sleep duration in the 
postpartum could have similar expression as insomnia and may influence self-report of sleep 
quality), the problems of potential collinearity risk is heightened. Insomnia severity, in specific, 
however, is distinct from sleep disturbance, in general. Therefore, an additional regression 
analysis was run to similar to Aim 2, to examine the interrelationships among insomnia severity, 
physical activity and postpartum mood. The independent variables of insomnia severity (ISI), 
physical activity (IPAQ) and an interaction between ISI and IPAQ (created by multiplying the 
centered variables of ISI and IPAQ) were regressed on postpartum depression (EPDS). This 
model was found to account for 45.9% of the variance in predicting postpartum depression 
symptoms, which was highly significant, F(3, 99)= 28.017, p < .001. Insomnia severity (β= 
0.637, p<. 001) demonstrated significant effects on postpartum mood. However, physical 
activity (β= 0.100, p= 0.203) and the interaction between insomnia severity and physical activity 
  
(β= -.059, p= 0.453) did not have significant relative contributions in predicting postpartum 
depression symptoms. 
Post-Hoc Exploratory Aim 2. As demonstrated by the outcomes yielded from this study, 
physical activity was found to be significantly, positively correlated with postpartum depression 
symptoms (see Table 4).  In an effort to explain these findings, an exploration of the literature 
was conducted. To this author’s knowledge, only one previous longitudinal study found that the 
more time a woman spent in non-leisure time physical activity, the higher the report of postnatal 
depression symptoms (Demisse et al., 2011).  Because this relationship appears to be 
underexplored and this pattern appeared in these data, domains of non-leisure physical activity in 
relation to postpartum depression symptoms (and the other variables of interest in this study) 
were examined. First, the domains that comprise the total METs score for physical activity were 
separated by domain. For a full review of all domains, please see details of this measure (i.e., the 
IPAQ) in the Methods section. Pearson’s correlations were then conducted between individual 
domains of physical activity and the primary variables of interest (i.e., postpartum depression 
symptoms, sleep quality, fatigue and insomnia severity). The results of these correlations can be 
found in Table 6. The results of these correlations suggest significant associations between 
vigorous activity that is reportedly done at work or at home and postpartum depression 
symptoms (p’s < .05). 
Sleep duration and postpartum depression symptoms. As previously noted, participants 
endorsed postpartum depression symptoms that were, on average, below the cutoff score of 10 
(M=9.68, SD=5.34), which is typically suggestive of postpartum depression. Participants also 
reported average total sleep times of 6 hours (M=6.13, SD=1.53).  Previous research has 
  
supported an inverse relationship between duration and postpartum depression symptoms 
(Huang, Carter & Guo, 2004). For example, the fewer hours slept was linked to increased reports 
of depression symptoms. This relationship was also replicated in this study. To expand upon this 
finding further, the objective of this aim was to compare the severity of postpartum depression 
symptoms among participants who identified as short sleepers (i.e., reporting 6 hours or less), 
average sleepers (i.e., 6 to 9 hours per night) and long sleepers (i.e., sleeping greater than 9 hours 
per night). A one-way analysis of variance (ANOVA) was conducted using sleeper type 
(dichotomized using self-reported total sleep times on the PSQI) as the independent variable and 
postpartum depression symptoms (i.e., measured by EPDS) as the dependent variable to compare 
means. Results of this analysis yielded a curvilinear relationship between sleep duration and 
postpartum depression symptoms, with short sleepers (M= 10.48, SD= 5.22) and long sleepers 
(M=14.00, SD= 3.60) reporting greater postpartum depression symptoms relative to average 
sleepers (M=6.84, SD=4.57).  
CHAPTER 5: DISCUSSION 
Review of the Results 
 The purpose of this study was to examine the relationships between sleep quality, 
physical activity and postpartum depression symptoms. As hypothesized, sleep quality was 
positively correlated with postpartum depressions symptoms. Physical activity was also found to 
be associated with postpartum depression symptoms, but in the opposite direction (i.e., positively 
correlated) of what was originally predicted. An association between sleep quality and physical 
activity was not found. While sleep quality was a significant predictor of postpartum depression 
symptoms, physical activity does not appear to moderate this relationship.  
  
 Exploratory analyses revealed that more than half of the participants reported symptoms 
that were suggestive of sub-threshold to severe insomnia symptoms (or potentially sleep 
disturbance by the participant’s infant which will be addressed in more detail) as measured by 
the insomnia severity index. In addition, those who met this cut-off were also more likely to 
report fatigue, poorer sleep quality and postpartum depression symptoms than those who did not. 
Insomnia severity was also found to be a significant predictor of postpartum depression 
symptoms. Several additional significant relationships emerged when examining levels of 
physical activity, insomnia and postpartum depression symptoms, including positive associations 
between “vigorous work” and “home physical activity” and “insomnia severity”. Engaging in 
moderate leisure activity and vigorous work activity was also found to be positively correlated 
with postpartum depression symptoms. Finally, shorter and longer sleepers were more likely to 
endorse clinical symptoms of postpartum depression relative to those that reported sleeping 
greater than six hours up to nine hours each night. While these findings are helpful in gaining a 
better understanding of sleep characteristics among this sample, this discussion will also 
acknowledge the complexity of the constructs examined in this study (e.g., insomnia symptom 
severity).  For example, are these reported” insomnia” symptoms really insomnia or are they 
reflective of expected sleep disruptions caused by responding to newborn infants? 
Postpartum Depressive Symptoms 
 Forty-five percent of women in this sample reported symptoms that are suggestive of 
significant postpartum depression symptoms (i.e., indicated by a score of 10 or higher on the 
EPDS).  This number is higher than prior estimates of prevalence in the general postpartum 
population of approximately 19% (Gavin et al., 2005), but does appear to align with findings by 
  
Gaynes and colleagues (2005) that nearly 50% of postpartum women report elevated depressive 
symptoms as well as a review study by Halbreich and Karkun (2006) examining 143 studies of 
postpartum depression prevalence among 40 countries. They found prevalence rates spanning 
from 0-60% of postpartum depression. Because these women were already beyond the “baby-
blues” period that occurs following delivery, it is noteworthy to see this number of women 
reporting significant depression symptoms six weeks to six months following delivery.  
 A majority of participants in this study reported having an education level of college or 
higher as well as little to no difficulty purchasing basic needs (i.e., reflective of their socio-
economic status). This said, a higher percentage of women in this sample reported significant 
postpartum depression symptoms than would be expected based on previous literature (Hein et 
al., 2014) on postpartum women with similar demographic characteristics. It is plausible that 
women who were symptomatic may have been more likely to complete the study than those who 
are not experiencing symptoms or had greater accessibility to a computer to find and complete 
this study (i.e., potential selection bias). Given the anonymity of participants from the study 
design, it is difficult to determine what other possible factor(s) may have influenced the findings 
in the current investigation. Additional studies are needed to examine other variables that may 
influence prevalence of depressive symptoms among postpartum women. 
Sleep during the Postpartum Period 
 As expected, participants reported shorter than recommended nighttime sleep durations 
and sleep quality was also reported on average as poor. Given the demands of the postpartum 
period such as breastfeeding and responding to the infants’ needs, these results were not 
surprising.  As predicted, poor sleep quality was associated with postpartum depression 
  
symptoms. These finding are similar to those found in other studies on postpartum women and 
their reported sleep quality (Okun, Luther, Prather, Perel, Wisniewski & Wisner, 2011; Park, 
Meltzer-Brody & Stickgold, 2013; Posmontier, 2008; Swanson, Arnedt, Armitage, Adams & 
Flynn, 2013). Short and long sleepers also reported significantly more depressive symptoms 
relative to participants who received approximately seven to nine hours of sleep. Some research 
has suggested that short and long sleepers report more sleep disturbances (Grandner & Kripke, 
2004), that short sleepers may be at higher risk for cardiovascular disease and diabetes (Ayas et 
al., 2003  and long sleepers are at an increased risk for mortality (Kripke, Garfinkel, Wingard, 
Klauber & Marler, 2002). Palagini and colleagues (2014) also summarized data on short sleepers 
during pregnancy and noted correlations with health risks including gestational diabetes,  pre-
eclampsia, and longer delivery times. Even less is known about the relationship long sleepers and 
health risks in pregnant and postpartum women. Therefore, additional research is warranted to 
gain a better understanding of these relationships and the relationship between short and long 
sleep duration and postpartum mood.  
  A main objective of this study was to gain a better understanding of sleep quality in 
conjunction with physical activity in predicting postpartum depression symptoms.  Although the 
findings of this study did not provide strong evidence for a powerful interaction between these 
variables, insomnia severity was found to be a strong predictor of postpartum depression 
symptoms. As noted, over 50% of this sample reported symptoms that were suggestive of sub-
threshold to severe insomnia symptoms (or potentially sleep disturbances as discussed in more 
detail below). When insomnia severity symptoms and sleep quality were placed together in a 
model to predict postpartum depression symptoms, insomnia severity accounted for 50% of the 
variance in predicting postpartum depression and sleep quality was no longer significant. When 
  
dichotomized, women with significant insomnia symptoms reported greater postpartum 
depression symptoms (over the suggested cut-off score of 10 on the EPDS), more fatigue and 
poorer sleep quality. Nulliparous participants reported significantly less insomnia symptoms 
relative to multiparous participants. While one study by Caicagni et al (2012) found that parity 
plays a very minimal influence when examining the relationship between sleep and mood in 
postpartum women, a prior study by Lee, Zaffke and Mccenany (2000) did identify marked 
differences between nulliparous and multiparous women. In the study by Lee and colleagues 
(2000), nulliparous women reported more frequent nighttime awakenings and less sleep 
efficiency relative to multiparous women. Because of limited prior research and the conflicting 
results of the present study, additional research examining the role of parity is warranted. 
It is important to recall that women interested in participating in this study were asked to 
exclude themselves from participation if they had a current diagnosis of any sleep disorder, 
including insomnia. Yet, on average, the participants in this study endorsed symptoms that were 
suggestive of sub-threshold insomnia severity. It is plausible that some of these participants may 
have been experiencing symptoms indicative of an insomnia diagnosis and had never been 
clinically diagnosed with insomnia. These symptoms may have been relatively new, perhaps 
even beginning during the postpartum period. However, it is also possible that these insomnia 
symptoms were triggered during, or prior to pregnancy, and women may not have been aware 
that they were experiencing symptoms suggestive of insomnia. There is also the potential of 
multicollinearity occurring because of the overlap between some of the sleep quality and 
insomnia severity symptoms based on the measures used in this study. Therefore, an area for 
future study may be to examine pregnant and postpartum women’s knowledge about insomnia 
and other sleep disorder symptoms, and potential barriers to seeking treatment.  
  
Insomnia is a symptom associated with depression, but has also been found to precede 
depression in the general population (Baglioni & Riemann, 2012; Balioni et al., 2011). Poor 
sleep quality and postpartum depressive symptoms have been explored (Okun, Luther, Prather, 
Perel, Wisniewski & Wisner, 2011; Park, Meltzer-Brody & Stickgold, 2013; Posmontier, 2008; 
Swanson, Arnedt, Armitage, Adams & Flynn, 2013). Yet, much less is known about the 
relationship between insomnia symptoms and postpartum depression. Some cross-sectional 
studies have linked insomnia with depression symptoms during the postpartum period (Dorheim, 
Bondevik, Eberhard-Gran & Bjorvatn, 2009; Marques et al., 2011), even after controlling for 
anxiety (Swanson, Pickett, Flynn & Armitage, 2011). Treating insomnia (i.e., using Trazondone 
or diphenhydramine) during the third trimester of pregnancy was found to decrease symptoms of 
depression during the postpartum period (Khazaie, Ghadami, Knight, Emamian  & Tahmasian, 
2013). However, a recent study by Dorheim and colleagues (2014) found that insomnia during 
pregnancy did not predict postpartum depression in women without a history of depression. It is 
clear from these findings that it is important to further explore insomnia during the postpartum 
period and its relationship to postpartum depression symptoms through future studies.  
Assessing Sleep in the Postpartum Period  
 Another interesting anecdote emerged from examining sleep among this sample.  An a 
priori aim of this study was to examine sleep quality and its relationship to physical activity and 
postpartum depression symptoms.  It may be plausible that examining sleep quality, as measured 
by the Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 
1989), may not give a full picture of the types of sleep symptoms that postpartum women are 
more likely to experience. Strengths of the PSQI are that it includes total nighttime sleep time, 
  
sleep efficiency and self-report of sleep quality. However, in its original form, it does not include 
daytime napping. For the purposes of this study, it was added to the measure. The Insomnia 
Severity Index (ISI; Bastien, Vallieres & Morin, 2001) allows for the assessment of the degree to 
which a person is experiencing difficulty falling asleep, staying asleep, waking up too early and 
the impact on daily functioning. This measure may also provide additional possible symptoms 
for participants to endorse that are more reflective of women’s sleep disturbances that present 
during the postpartum period.  For example, the items on this measure may identify sleep 
disturbances such as difficulty falling asleep (i.e., because of anxiety about infant welfare), 
staying asleep (i.e., responding to an infant’s needs during the night), and the impact on 
functioning the next day (i.e., due to fatigue from the aforementioned examples).  However, it 
does not include qualitative questions about sleep such as factors needed to derive total sleep 
time and napping. The aforementioned study by Dorheim and colleagues (2014) combined 
questions from the Bergen Insomnia Scale (BIS) and three questions from the PSQI (i.e., 
bedtime, wake time, and average total sleep duration) in order to address these challenges to 
measuring postpartum sleep.  Of note, these measures fail to include information regarding 
infant’s sleep. In the current study, the BISQ was utilized to obtain this information. Based on 
this study and previous methodologies in examining self-reported sleep during the postpartum 
period, it appears to be important that future studies develop and validate sleep measures that can 
target postpartum women and provide a careful assessment of symptoms that specifically 
distinguish between sleep disturbance such as sleep deficiency, sleep quality, clinical insomnia, 
and/or circadian dysrhythmia.   
 
  
Physical Activity 
 Previous research has suggested that approximately 64% of women are inactive after 
childbirth (Albright, Maddock & Nigg, 2005), but approximately 75% of this sample reported 
engaging in at least moderate levels of activity. Physical activity was expected to negatively 
correlate with poor sleep quality and postpartum depression symptoms. A relationship between 
sleep quality and physical activity was not supported in this study. Physical activity was, 
however, found to be positively correlated with postpartum depression symptoms, but was not a 
moderator of the relationship between sleep quality and postpartum depression symptoms. 
Because this study was cross-sectional in nature, it is limited in that causal relationships cannot 
be determined between physical activity and postpartum depression symptoms. Several possible 
explanations for these findings are proposed. First, the association indicating that higher levels of 
physical activity and greater levels of postpartum depression symptoms could be a spurious 
finding that occurred by chance. Another possible explanation for this finding is that the physical 
activity measure (i.e., the IPAQ) used in this study allowed for the gathering of the following 
information: current amount of time the participant reports engaging in physical activities, types 
of physical activities and the level of physical exertion for these activities (i.e., walking, 
moderate, and vigorous). However, the measure did not include questions that could ascertain 
when this physical activity was taking place. For example, it is possible that these women were 
engaging in physical activity too close to bedtime, and in turn, it may have had an iatrogenic 
effect (i.e., worsening sleep difficulties that contributed to depressed mood). This study also did 
not ascertain if participants had return to work and if so, when. This may have had an influence 
on the amount and types of physical activity they were participating in. As noted, one previous 
longitudinal study found that the more time a woman spent in non-leisure time physical activity, 
  
the higher the report of postnatal depression symptoms (Demisse et al., 2011).  These authors 
suggested that the condition under which activity occurs may also interfere with the likelihood 
that the activity is helpful for decreasing depression symptoms. For example, the activity may 
occur at one’s job or doing tasks at home that the individual does not find enjoyable.  Because 
this study did not request information regarding if and when participants returned to work, this 
data was unable to be captured and analyzed. Taken together, physical activity may possibly be 
more unhelpful than helpful to ameliorating postpartum depression symptoms.  However, further 
research in this area is warranted to support such a notion and also to explore the other aspects of 
physical activity not taken into account in this study highlighted above. 
 Despite the findings of this study and the study  by Demisse and colleagues (2011), more 
evidence supports that physical activity is beneficial for preventing and treating depression 
(Lopresti, Hood & Drummond, 2013) as well as postpartum depression (Ko, Yang, Fang, Lee & 
Lin, 2013; Teychenne & York, 2013). Although it is a relatively newer area of research, a recent 
study by Vladutiu and colleagues (2014) found that some forms of physical activity were 
associated with better sleep quality during the postpartum period. Physical activity is also likely 
to impact overall body-mass index (BMI). Previous studies have provided inconsistent findings 
on the relationship between overweight or obese and depression among women (Friedman & 
Brownell, 1995). Even less is known about the impact of BMI on depression in postpartum 
mothers. Krause, Ostbye and Swamy (2008) found no relationship between being overweight or 
obese and postpartum depression. Data on BMI was not collected in the current study and it is 
clear that this area remains understudied.  Future studies may consider examining the impact of 
different types of physical activity, duration and timing on sleep, BMI and postpartum mood. 
  
Limitations and Future Directions 
 This study has several strengths. First, a diverse group of women were recruited to 
complete the questionnaires of the study which helps these findings to be generalizable to the 
general population of postpartum women. While many studies have captured data on highly 
educated, homogenous samples, this study reached women of diverse ethnic backgrounds, and a 
range of SES, education and access to medical insurance. Second, standardized measures were 
used to assess the variables of interest and yielded strong reliability in this study. Prior research 
has relied on single items to assess sleep, physical activity and/or postpartum depression 
symptoms, whereas this study employed standard measures of sleep, mood and physical activity. 
Third, electronic data capture proved to be an efficient, reliable means to assess women during 
the postpartum period. That is, this study was able to capture women 6 weeks to 6 months 
postpartum to complete the study measures reliably. Fourth,  several key findings emerged that 
have potential clinical implications as well as foster ideas for future study including:  replication 
of previous findings between sleep, physical activity and postpartum depression; evidence for 
relationships between fatigue and the above mentioned variables; vigorous levels of physical 
activity may be linked with more postpartum depression symptoms; insomnia may be more of a 
problem among this population than previously considered; and short and long sleepers may be 
more likely to experience clinical symptoms of postpartum depression in comparison with 
postpartum women obtaining average sleep durations. Moreover, the findings of this study 
support a high prevalence of depression symptoms and sleep disturbances. From a clinical 
perspective, this is important information for those that work with pregnant and/or postpartum 
women. With so many women potentially suffering psychologically in addition to the potential 
long-term psychosocial impact on women and their families, educating women on symptoms and 
  
treatments is paramount. It is highly suggested that future studies focus on early prevention and 
intervention for pregnant and postpartum women. 
Several limitations are acknowledged that can guide future research. First, while using 
electronic measures to collect data allowed the recruitment of participants that may have 
otherwise been missed, anonymous completion of online data collection precludes the 
verification of medical chart review. Future studies can attempt to utilize electronic data 
collection methods in clinics where participants can also consent to a medical chart review in 
conjunction with their completed survey. Second, women completing electronic measures may 
be subjected to a reporting bias, thereby elevating severity scores. However, the reliabilities of 
the measures used in this study were relatively high and that did not appear to be a challenge in 
this study. Third, it is important to recognize that this is a convenience sample, which carries 
with it the risk of having a selection bias and misclassification. It may be helpful for future 
studies to include a larger sample size and potentially stratify the sample for a more even 
distribution representing the constructs measured (e.g., stratify for level of physical activity). 
Fourth, the absence of objective sleep and physical activity measurements can also be considered 
a limitation to this study. That said, the measures utilized in this study have shown to correlate 
well with objective measures of each of these indices. Gathering accelerometry may aid in 
collecting objective measures of physical activity and sleep in future studies. While this 
equipment can be costly, offering an incentive to participants may aid in gathering these data and 
assure the return of research equipment. Fifth, as noted above, the cross-sectional design limits 
the ability to assert causal relationships. Researchers conducting future studies in this area may 
want to consider a longitudinal design. Similarly, it is important to recognize that the women in 
the study were at various time points when they completed these measures (i.e., ranging from six 
  
weeks to six months postpartum). Although the physical activity measure gauges physical 
activity over the last two weeks, this study did not capture how long these women had been 
engaging in physical activity. For example, it is possible that some women were engaging in 
physical activity since they were six weeks postpartum and this may have impacted their level of 
depression at five months postpartum when they completed the study measures. Capturing 
participant’s reports of the prior two weeks of physical activity is also limiting because it does 
not allow for the gathering of information about their physical activity prior pregnancy or during 
pregnancy. Previous studies have yielded findings that physical activity during the third trimester 
of pregnancy was associated with less depressive symptoms and lower self-reported distress at 
six weeks postpartum (Abraham, Taylor & Conti, 2000; Norghaden & Sungot-Borgen, 2002) 
Because this information was not collected in the current study, it cannot be ruled out as a 
potential covariate in explaining postpartum mood symptoms.  In future studies, it is suggested 
that this information is captured. 
 Lastly, while this study was being conducted, the DSM-5 (American Psychiatric 
Association, 2013) was published and reflected that at least half of all postpartum depression 
may actually begin in the latter stages of pregnancy.  These findings have been highlighted 
through the change of the diagnostic specifier from postpartum onset to peripartum in the DSM-
5 (American Psychiatric Association, 2013). However, this study did not include women that 
were currently pregnant and excluded women who self-identified as being previously diagnosed 
with postpartum depression. Because participants were not compensated for participation, the 
design of this study was created to reduce the burden on participants, and therefore focused 
specifically on postpartum depressive mood symptoms, physical activity and sleep. Due to the 
nature of the design, the full spectrum of Perinatal Mood and Anxiety Disorders (i.e., PMAD’s) 
  
was not examined.  Smith, Gayle and Kipnis (2012) identified PMADs as being the most 
underdiagnosed, underreported and underreported complications of childbirth which they believe 
may also have a significant impact on mothers and their families. Therefore, future studies 
investigating the impact of physical activity postpartum should include measures of physical 
activity, mood and anxiety prior to pregnancy, during pregnancy as well as in the postpartum in 
order to further explore these symptoms in relation to physical activity and sleep.  
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APPENDIX A: Demographic Questionnaire 
 
Please help us to gain a better understanding of who you are by completing this short 
demographics scale.  Place a check next to, or circle, the answer that you feel best describes 
yourself and your needs. If you do not feel that you fit into any of the categories listed, write in 
your answer. Thank you.  
 
1. Date of Birth (mm/dd/yy): ______________ 
 
2. Race:  
1) White, not of Hispanic origin  4)  Hispanic   
2) Black, not of Hispanic origin   5) Other  
3) Asian or Pacific Islander  6) American Indian/Alaskan Native  
3. Marital Status:  1)  Married (or Common Law)      3)  Separated/Divorced   
  2)  Single     4)  Widow  
4. Highest level of schooling completed:   (check one) 
1)  Grade School   4)  High School   7)  Graduate School   
2)  Middle School   5)  2 Years College    
3)  Jr. High School   6)  4 Years College    
 
  
5. At what week gestation was your delivery? _____ 
 
6. What is your infant’s current age (in weeks)? _____ 
 
7. What type of delivery method did you have? 
 
______ Vaginal______ Caesarian Section      
 
8. Approximately how many hours was your labor? _______ 
 
9. Was this delivery: (Please check all that apply). 
 
 ________ Planned  _______ Emergency C-Section   ______ Induced  
 
 
10. Which feeding method did you initially utilize for this infant:  
 
  
____ Breastfeeding ____ Formula Feeding     _____ Combination of both 
 
11. Are you currently using this method? 
 
_____ Yes   ______ No  _______ Combination of both 
 
12. Did you utilize fertility treatments for this pregnancy? 
 
____ Yes  ______ No 
 
 
13. What is your marital status? (Please check one).  
 
 ____Single     ____Separated ____In a significant relationship 
 ____Married  ____Widowed  
 ____Divorced 
 
14. Do you currently live with anyone?  Yes     No 
 
 If yes, with whom?  ____Husband 
    ____Significant other 
    ____Parents 
    ____Sibling(s) 
    ____Other ___________________ 
 
 
15. Do you have children?    Yes     No  
 If yes, how many? _____________ 
 
What are their ages? ___________ 
 
 
16. What is your job status? 
 ___Full-time  ___Student 
 ___Part-time  ___Unemployed 
 ___Homemaker ___Student/Work Part-time 
 ___Retired                  ___ Other: ______________ 
 
 
17. Which statement best describes your medical coverage?  
____Medical Assistance 
____ Private Insurance 
____ No Medical Assistance or Private Insurance 
 
 
  
 
 
18. Which of the following statements best describes your ability to afford covering basic 
necessities such as clothing, food and shelter: 
 
  ____ Very Difficult 
                        ____  Somewhat Difficult 
                       _____  Not Very Difficult 
 
19. Do you have a history of major depression? ______ Yes  _____ No 
 
20. If yes, how recent was your last depressive episode? _______ Years ______Months 
 
 _____ Weeks 
 
 
21. Do you have a history of Postpartum Depression? ______ Yes ______ No 
 
22. Have you ever experienced Postpartum Psychosis? (described electronically) 
 
     ______ Yes ______ No 
 
23. Did you experience depression during your pregnancy? ________ Yes ______ No 
24. Did you experience anxiety during your pregnancy? ________ Yes  _______ No 
25. Have you ever been diagnosed with a sleep disorder (for examples: Insomnia or Restless 
Legs Syndrome)?    ________ Yes  ________ No 
26. If yes, what type (Please check all of the following that apply): 
_______ Restless Legs Syndrome 
_______ Obstructive Sleep Apnea 
_______ Insomnia 
_______ Periodic Limb Movement Disorder 
_______ Narcolepsy 
27. Were you treated during pregnancy for this disorder? 
______ Yes ______ No 
  
 
28. Are you currently being treated for this sleep disorder? 
        ______ Yes ______ No 
29. Do you work rotating night shift work? 1) Yes  2) No   
30. Do you work steady night shift work? 1) Yes  2) No  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 1. Sample Self-Reported Demographic Characteristics (N= 96) 
Variable     Frequency (Percentage) 
Ethnicity* 
 Caucasian     53 (55.2%) 
 African American      3 (3.1%) 
 American Indian      6 (6.3%) 
 Asian American    28 (29.2%) 
 Other**       5 (5.1%) 
 
Marital Status* 
 Married (or Common Law)   74 (77.1%) 
 Live-in-Partner                   5(5.2%) 
 In Significant Relationship     5 (5.2%) 
 Single      10 (10.4%) 
 Divorced       1 (1%) 
 
Education (highest level completed)*** 
 Jr. High School     1 (1%) 
 High School     8 (8%) 
 2 Years College     16 (16%) 
 4 Years College     44 (44%) 
 Graduate School    29 (29%) 
 
Current Occupational Status* 
 Full-time     35 (35%) 
 Part-time     19 (19%) 
 Stay-at-home Mom    25 (25%) 
 On Maternity Leave    16 (16%) 
 Student      3 (3%) 
 Student/Work Part-Time   1 (1%)   
 
Medical Coverage*** 
 Medical Assistance    29 (30.2%) 
 Private Insurance    55 (55.37 %) 
 Neither      11 (11.5%) 
 
Ability to Purchase Needs (SES)*** 
 Very Easy     13 (13%) 
 Easy      29 (29%) 
 Somewhat Easy     20 (20%) 
 Neutral      12 (12%) 
 Somewhat Difficult    10 (10%) 
 Very Difficult      14 (14%) 
* 1 Missing 
** Other reported as Cambodian, Japanese or Korean 
*** 2 Missing 
 
  
Table 1. Sample Demographic Characteristics (continued…)  
Variable     Frequency (Percentage) 
Delivery Type*** 
 Vaginal Birth     76 (76%) 
 Planned C-section    12 (12%) 
 Unplanned C-section      8(8.3%) 
 
Feeding Method* 
 Breastfeeding     65 (67.7%) 
 Formula Feeding    19 (19.8%) 
 Combination of Both    12 (12.5%) 
 
 
Variable                  Mean (SD)  
 
Age       29.97 (5.06) 
Weeks Postpartum     11.97 (6.3) 
Week of Gestation at Delivery   38.19 (2.48) 
Total Hours of Labor       9.12 ( 9.68)  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 2. Internal Consistency of Primary Measures 
 
Variable       Cronbach’s Alpha 
Edinburgh Postnatal Depression Scale    .85 
Edinburgh Postnatal Depression Scale Revised*   .82   
Insomnia Severity Index      .88    
Modified Fatigue Scale          .93   
Pittsburgh Sleep Quality Index     .75 
*Sleep item removed 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 3.  Sample Means and Standard Deviations 
Measure                                                                             Mean (SD) 
Brief Infant Sleep Questionnaire 
 Infant Night Total Sleep Time (in hours)           8.15 (2.48)   
 Infant Day Total Sleep Time            4.54 (2.26) 
 Infant Wake after Sleep Onset (WASO)           89.08 (84.81) 
Edinburgh Postnatal Depression Scale              9.61 (5.29) 
 EPDS without sleep question             8.66 (4.72) 
International Physical Activity Questionnaire*            5607.17 (7486.21) 
Insomnia Severity Index              8.94 (5.49) 
Modified Fatigue Scale               11.03 (7.99) 
Pittsburgh Sleep Quality Index               7.24 (3.99) 
*measured in METS 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 4. Correlation Matrix of Primary Variables of Interest 
 EPDS EPDS-S IPAQ ISI MFS PSQI 
EPDS       
EPDS-S .99**      
IPAQ .24* .26**     
ISI .70** .67** .19    
MFS .64** .63** .32** .73**   
PSQI .62** .61** .02 .75** .66**  
       
Edinburgh Postnatal Depression Scale (EPDS) 
Edinburgh Postnatal Depression Scale without the sleep question (EPDS-S) 
International Physical Activity Questionnaire (IPAQ) 
Insomnia Severity Index (ISI) 
Modified Fatigue Scale (MFS) 
Pittsburgh Sleep Quality Index Scale (PSQI) 
**p< .01 
* p < .05  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 5.  Independent Samples T-Test Comparing Means for Participants with Postpartum 
Depression Symptoms Relative to Non-Depressed 
Measure    Sample Mean (SD)         EPDS ≥ 10   EPDS ≤ 10    p 
EPDS            9.61 (5.29)  14.45 (2.87)  5.33 (2.41)  .001 
IPAQ*         5607.17 (7486.21)        7453.92(9257.11) 4273.67 (5212.13) .040   
  
ISI         8.94 (5.49)   13.22 (3.61)  5.44 (4.26)  .001 
MFS             11.03 (7.99)  16.52 (6.95)  6.44 (5.37)  .001 
PSQI             7.24 (3.99)  9.64 (3.13)  5.31 (3.47)  .001 
*measured in METS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 6. Correlations between Domains of Physical Activity and the Primary Variables of 
Interest 
Variable Work 
Mod 
Work 
Vig 
Commute 
Walk 
Home 
Mod 
Home 
Vig 
Walk 
Leisure 
Leisure 
Mod 
Leisure 
Vig 
EPDS .12 .34** .15 .06 .14 .03 .21* .09 
ISI .15 .28** .09 .08 .20* .09 .05 -.03 
MFS .25* .31** .17 .20* .26** .14 .14 .09 
PSQI .02 .20* .10 .03 .89 -.09 .01 -.12 
*p < .05 
**p < .01 
 
